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THE great experience of M. Chaptal, his 
unaffedted candour, and the perfpicuity which 
is feen in every part of the following treatife, 
cannot but render it extenfively ufcful. I have 
been particularly careful not to diminifh this 
laft iherit, by deviating in any refpeO; from that 
fcrupulous attention to accuracy which isindif- 
penfably required to give authority to the tranf- 
lation of a work of fcience. 
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AGRICULTURE is no doubt the. - 
bafis of public welfare, becaufe it 
alone fupplies all the w^nts which nature 
has conne6led \v;ith our exiftence. But the 
arts and commerce form the glory, the or* 
nament, and the riches of every poliihed 
nation ; (ince our refinement, and mutual 
dependence on each other, have created a 
new fet of wants which require to be fup- 
plied. The cultivation of the arts is there* 
fore become almoft as neceffary as that of 
the ground ; and the true means of fecuring 
Vol. !• a thefe 
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thefe two foundations of the reputation and 
prdrperity of a ffartre/ebnfiftiit ehcrouragirtg 
the Science of Chemiftry, which difcovers 
their grineiples. If %\i\^^ tjuth were ^ot ' 
universally acknowfecfged, I might on the 
prefent occafion give an account of thefuc- 
cefs with which my labours have been at- 
tended in this province*, I might even call 
upon the public voice; and it would declare 
that, fince the eftabirihrnent of leftures on 
chemiftry, between three and four hundred 
perfons have every yakr derived advantage 
from inftruftions in this fcience. It is well 
known that our ancient fchools of medicine 
and ftirgery, whofe fucccB atta fplenddnr 
are conhefted with the g^nerdl interelt of 
this province, aHe ntore flotirriChing and 
morenumerotK fihie'^thitt period. And 
with t5ie fame confidence I might appeal' 
to tht p4iblic, that dtir mantrfaftures are 
AaTlyirtcrfcafing in perfe61;ion; that feveral 
treW kinds of ihduftry hive bten introduced 
intra Languedoc ; that, in a regular fuccef- 
fion, abufes have been reformed in the ffla- 
nufeSories^ while the proceffes of the arts 

• Lariguedoc. 

• have 
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have been fimpHfied ; that the number i6f 
coal-mines a£lua}Iy wrought is increiKlcd'i 
aixl that^ upon my principles^ and in con^ 
fequence of my care and attention^, manu-?. 
fa£lories of alum^ of oil of vitriol, of cop- 
peras, embrown red, of artificial pozzolana^ 
of cerufe, of white lead, and- othcn, have 

« 

been eflabliffaed in ieverakpaits of the pro^ 
vince# 

- Chemiftryis therefore effentially con* 
ne£)led with the reputation arid profperity 
of a ftate ; and at this peculiar inftant, 
when the minds of men are univerfally 
bufied in fecuring the public welfare, every 
citizen is accountable to his country for all 
the good which his peculiar iituation per^ 
wits him to do. Every one ought to haften^ 
and prefent to fociety the tribute of thofe 
talents which heaven has bellowed on him ; 
and there is no one who is not able to 
bring fome materials, and depoiit them at 
the foot of the fuperb edifice which the 
virtuous adminiftrators are raifing for the 
welfare of the whole. It is with thefe views 
that I have prefumed to offer to my cpun* 
trymen tht work which I at prefent pub* 

a 2 liih \ 
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lifli; and I ^treat them to cxcrcife thrir 
fef^erity upon the intention of the author 
only, but to refer ve all their ia4ulgence^ 
to the worki 

;I publifh thefe Elements of Ghemiftry. 
with the greater confidence, becaufe I have, 
had opportunities myfelf of obferving the 
numerous applications of the principles 
which conftijtute its bafis to the phenome-* 
na of nature and art. The immenfe efta- 
blifhment of chemical produfcls which I 
have formed at Montpellier has allowed 
tne to purfue the development of this doc*- 
trine, and to obferve its agreement with all. 
the fafts which the various operations pre- 
fent to us. . It is this doftrine alone which 
has led me to fimplify moft of the pro- 
ceffes, to bring fome of them to perfeftion, 
and to redify all my ideas. It is therefore 
with \ the moft intimate confidence that I 
propofe it. I find no difficulty in making 
a public acknowledgment that I have for 
fome time taught a different doftrine from 
that which I at prefent offer. I then be- 
lieved it to be true and folid ; but I did 
n6t on that account ceafe to confult 

nature. 
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aaturc. : I have .cjohftaiuly entered itito 
this refearch with a. mind eager for im*» 
•provemenU Natural truths were capable 
t)f fixing themfelves with all their purity 
in. my jnind^ becaufe I hadbajniihed pvt-^ 
|ttdi<De; and infenfibly I found myfelf drawn 
by the force of f4jSs;to the doftriue I now 
teach. ; l.et othejc : principles imprefe the 
fame conviftion on my mind '; let the fam^t 
-ikumber of phenomena and :fa£l$ exhibit 
Ihemfelves in their favour ; the fame num- 

« 

♦ber of happy; applications to the opera- 
tioiis of nature and of art ; let thqm: appeat 
.to my mind with all the facred'chara£lers 
ofitruth; and I will publifti them with the 
fame zeal^ and hvithrthe fame; iritereft^ X 
condemn equally ^ the man who^ attached 
to the ancient notions, refpetls them fo 
«mttch as to rejeft.iwithout mature ex^ami- 
jiatton every thing; which appears tp op- 
ipofe them ; aadhim, who embraces \<^ith 
:enthufiafm^ and almoft without o^fle^iQii, 
the principles of (any new do^riqe. Botlji 
are worthy of i(^om^aflioii if they grow 
-old in their prejudices ; and both .are 
worthy of blame i^they perpetuatfitbem- 

I have 
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I have been cureful to banifii alLdifcu^ 
fions from my work. That fpirit i>f party 
which but too often caufes a divi&on be* 
tWeen perlbm who are purfuing the fame 
objefts, that tone of bitternefs "which prc^ 
dominates in certain difputes^ that wantio^ 
candour which is infenfibly produced by 
the movements of felf-Iove^ have but too 
ion^ retarded the progrefs of our know- 
ledge. The love of truth is the only pat 
lion which a philofopher ought to indulge. 
The fame obje^^ the fame tnte^efti tend to 
tihit^ ehemifts. Let the fame fpirit it^ire 
tfaefti> ^and dire£l all their labours* Then 
we (hatl foon behold chemiflry advamoing 
in a rapid progrefB ; and its cultivators 
^ili be honoured with the fufirage and the 
"gratitude of their countrymen. 

I h^e efndeavoured in this work to eK^ 
plain my id^as with deameis> preoifion^ 
and liiethod. I know by experienbe that 
the fuccefs ^ of any work^ and iti various 
degrees of utility^ often depend on the 
form under which dike do6lrine which it 
cbntains 'is difplayed ; and it has aororoU 

ingly been my intention to fpare no |)ains 

• • • 
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ia exkibking die i Irutfas .wlncli form dK 
bafiis of this - wptk. in all the xjiaradoi^ 
th*7 are ju^ly entitled to. i ^ : i 
In; compofing thefe ElementsI of 'dur* 
l(jfliftry» I' havie availied myfelf with advaiv 
^geaf all the fl8s< wfaioh I jh^ve found 
in 4fae wor)^ of the celebrated- chemifl^ 
wh(>, adorn; thi& age. ' I have ieven- made 
no Icruple to fbUbMr their mediod in drav^ 
idg' lip 'Certain' s^rtides ; andhaMe/^ransfer- 
red into my o\yn work, almofl: ivkhiDiitja)- 
i;eration, thnfe £sidL6 which I haVe. elfe- 
vlief^Qunddefcri bed with a greater degree 
of^pr^cifion and perfpicuity than I might 
have beafi capable of be(liowing on them. 
This^propeedifig, in my opihio]i;> renders 
hoiSHdige t6 author^j ihftead of iifobbing 
^4:^01. ' If fuch a proceedings might jufli* 
fy reclamations, Meflrs. Lavoifier, Dc 
vMorvcau, Berthollett, De Fourcroy, Sage, 
Kii^an, &c.-might eafily declare againft 

I was well aware that the pretenfion of 

knowkig, difcuffing, and methodical lydif- 

' tribttting the whole of our prefent fcience 

of chemiftry, was an enterprife beyond my 

ability. 
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fibility. This fcience has imade fo great % 
progrefs^and its applications are fo multif 
plied^ that it is iotpoffible jto attend io^ the 
whole with the fame care: and it appears 
.to>n)e that the writer of an elementarijf 
:work ought at prefent to attend princ^ 
:pally to the: development of general priii?- 
ciples^.and content himielfiappintingbut 
the confequences; and their applicatlions. 
-Ini this vmy of proceeding we CballrfoUow 
the method which hai long been praftifed 
inithe ftudy of the mathematics ; the prin- 
tciples of which, nearly infulated^ and fe* 
paratedfrom all application, form thefirft 
.ftudy of him who means to acquire, tjuem. 
To . obtain a thorough acquainH^Oce 
rwithiall the knowledge which has b^jn ac- 
►qiiired ih:chemiftry. juntil our time, tjbe 
xhemical part of the Encyclopedic Me- 
thodique may be confuited. . In this work, 
:the celebrated author . gives :the . rooft ia- 
terefting account of the progrefs of. the 
fcience. Hei»e - it is that he difcuifes the 
feveral opinions with that (faqdour and 
-energy which become the man of letters 
whofe mind .is directed to truth orijy. 

Here 
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Heteitis tliathe has madera precious de* 
pofit of ail -the know:ledgeyet-acquiredi 
ih'ordif U> preferit ta usj incbe fkme point 
of view all whicbl has been 'done, and all 
whicE remains to be done; and here, in 
a w/acdj^.itis that Mr. De. Mbnreau has 
rendered the moft ftriking homage to the 
truth of the. doftrine we now teach ; be- 
caufe^ after having combated fome of its 
principles in the firft volume, he has had 
the courage to recant, the moment the fa£ls 
feen in a better point of view, and re- 
peated experiments, had fufficiently en- 
lightened him» This great example of 
courage and candour is doubtlefs honour- 
able to the learned man who gives it ; but 
it cannot fail to add {till more to the con- 
fidence which may be placed in the doc- 
trine which is its objefl. 

The development of the principles up- 
on which the New Nomenclature is efta- 
bliflied, may be found in the Elementary 
Treatife of Chemiftry of Mr. Lavoifier ; 
and I refer likewife to this excellent work 
for the figure and explanation of all the 
apparatus I fhall have occafion to fpeak 

of. 
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o£ I take tills fiep the htore eamdU^^ 
l^ecau|e^.:by afiocmting^.my^io^j^ prodiic* 
tians to diofe of this Cdldblrated chemift^ 
I cnteitam the iiope mfl lecbiingi their fuc^ 
cefs, and xran deliver thiemi into die ftaiids 
of the public with greatte* confidoilce. 
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IT appears that the ancient: nat^QS poC^ 
fefljfd fome notions of chemiftry. The 
art of working metals^ which d^t^s&omthe 
maft remote antiquity ; the Juftf e whicl;i 
the Ph<)pJflcians gave to certain oolotirs ; 
the luKijiry of Tyre ; the nuimerous manu^- 
^bduri^s which that ppulept city included 
within its walls — all annQunce adegree of 
perfe^Slion in the arts« and fuppofe a confii'- 
derable extent and variety g£ chemica} 
knowledge. But the principles of thi; 
fctence weire inot then uijiited intp a body 
A^ do^Hne; they wer^ concentrated in the 
work(hops of the manufa^urer^^ where 
they had their origin ; a»d obfervatipo? 
alonej trao&nitted from one operator to 

another^ 



Xii Tretiminary Difcourfe. 

another, enlightened and conduced the 
«£eps ofthe artifL Such, no doubt, has b^^ 
the origin of all the fciences. At firft they 
prefefited unConnefted fafls ; truths were 
confounded with error; time and genius 
'' Silone could clear up the cortfiifion ; and the 
progrefs of information is always the fruit 
of flow and painful e;?cperiment. It is dif- 
ficult to point out the precife epochaof the 
origin of chemical fcience; but we find 
traces of its exiftence in the mod rcmoie 
ages. 'Agriculture, mineralogy, and all the 
NJIrts which aref indebted to it for their prin- 
ciples, were cultivated arid enlightened. 
*We behold the original nations, immediate- 
ly fucceeding the fabulous ages, furround- 
'ed by all. the arts which fiipplied their 
wants ; and we may compare chemiftry to 
that famous river whofe waters fenilize 
^hc lands they inundate, but whofe foorces 
tire fl:ilKto us unknown. 

Egypt, which appears to- have been the 
nurfe of chemiftry reduced to principles, 

« , 

^Vas not flow in turning the applications of 

• • • r 

^is fcience towards a chimerical end. The 
4irft feeds of chemiftry were foon changed 

by 
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by the paflion of making gold. In a mo«: 
xnent all the labours of operators were di- ; 
reftcd towards alchemy alone ; the great 
ohytQt of ftudy became fixed on an endeai»> 
vour to interpret fables, allufions, hierogly- 
phics^ &c. ; and the induftry of feveral 
centuries was confecrated to the enquiry 
after the philofopher's ftone. But though 
we admit that the alchemifts have retarded 
the progrefs of chemiftry, we are very far 
from 'being difpofed to any outrage on the. 
memory of thefe philofophers : we allow 
them the tribute of efteem to which on fo . 
many accounts they are entitled. The pu» : 
rity of their fentiments, the fimplicity of* 
their manners, their fubmiffion to Provi- 
dence, and their love for the Creator, pene-r 
trate with veneration all thpfe who read 
their works. The profoundeft views of 
genius are every where feen in their writ-* 
ings, allied with the moft extravagant ideas. 
The moft fublime truths are degraded by 
applications of the moft ridiculous nature; 
and this aftoniftxing contraft of fuperfiitiqn 
jand philofophy, of light and darknefs, com- 
pels us to admire them, leven at the inftant 

that 
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that we danikit withhold our ccnture. We 
imift not confbondtbe fe6lof llcheifciifls^pf 
vhom vte fhaH |if oceed tofptek, ^ith that 
crowd of impdftons^ that fdrdid inijltitu,de 
of operators at the ^imait^r^ wfaofe refearches 
vere dh'ciS^d to'the diftsovery of minds ca- 
pable of bdng impo£ed on^ who fed the 
afmbitioii of fuch weak minds by the de-> 
ceitftil hope of iiicreafing then- riches. This 
Taftclaf^ of vile and Ignorant men hasnever 
been acknowledged by the true gdchemifts; 
and they are no more entitled to thatnam^^ 
than the vender of fpecifics on the ftage to 
the honourable name of Phyfician. 

The hcpe4)f the akhemift may indeed be 
founded on a flender bafis ; but the great 
man, the main of genius^ even at the time 
\ii^hen he is purluing an imaginary objed:^ 
knows how to profit by the phenomenar 
which mgy prefent themfclves, and derives 
from his labours many ufefol truths which 
Would have efcaped the penetration of Or- 
dinary men. Thus it is that the alcbemifls 
h^Ve fucceffively enriched pharmiacy and 
the drts with moit of their coiiipofitions.* 
The llrODg defire of acqairifig riches has in 

all 
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all times beto a p&(]&d6 fo gentry ^t&at thi^ 
£ngle xm>tive has been fufficknt to lisad 
many perfons to the cultivation of a feieiK^ 
which has tti<9tt relation than ^ny other to 
metals ; which ftudies tbeiir nature more 
particulariy^ and appears to fecilitate the 
means of compofing them* It i& known 
that the Abdarites d^d not begin to Confider 
the fcfences as-an occupiiidon\wrihy a rea- 
fonable man, nntiltihey hadfeteri a celebrated 
philofopher emieh hinifelf fey fpe^lations 
of commerce; and I do not dtttobt but that 
the defire of making gold has decided the 
vocation of feverklcfeemifts. Weare there- 
fore indebted to alchemy fotfet^^eral truthi?> 
and for feveral chemical profeffors : butthisr 
obligation is fniafll, in cOmfpafrifbn to the 
mafsof ufeftil truth which might have beea 
afforded during the courfeof feveral centu- 
ries ; if, mftead of endeavouring to form 
the metals, the operations of chemifts had 
been confined to analyfingthem, Amplify- 
ing the means of extraSing them^ com- 
bining them together, working, them^ and 
multiplying and re6Hfying* their ufes. 
The rage lot makin^gbidlv^Us fucceeded 

by 
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by the feduQive hppe of prolonging lifeby; 
nm^tiB^ of qhemiftry. The perfuafipn was^ 
eafily admitted, that a fcience which affords, 
remcdi€!5 for all diforders, might without 
effort fucceed in affording a univejrfal mgdi-^ 
cine. The relations whiqhh^ye been hand- 
ed down to us of the long life of the an- 
cients^appeared to b? a n^itural effefl of their 
knowledge in chemiftry. The numerous 
fables of antiquity obtained the favour of 
being admitted among eftablifhed fa£ls ; 
and the aJchemifls, , after haying exhaufted 
themfelyes JA the fearch after the philofo- 
pher s ftone, appeared to redouble their 
gffprts to arrive at an objeft flill more 
chimejicaL At this period the elixirs of 
life, the arcana^i thp polychreft medicines^ 
had their origin ; together with all thofe 
monftrous^ preparations, of which a few 
have been handed down ^ven to pur days. 
The chimera of the univerfal medicine 
agitated the minds of moil men in the fix- 
teenth century ; apd immortality was then 
promifed with the fame effrontery as a Char- 
latan now announces his remedy for every 
difeafe. The people are eafily feduced by 

thefe 
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thfefe ridiculous promifes ; but the man of 
knowledge can never be led to think that 
chemiftry can fucceed in reverling that 
general law of nature which condemns all 
-living beings to renovation, and a continual 
circulation of decompofitions and fuccef- 
fiVe generations. This fe£l gradually be- 
came an obje£l of contempt. The enthu- 
fiaft Paracelfus, who, after having flattered 
himfclf with immortality, died at the age of 
forty-eight at an inn at Saltfburg, com- 
pleted its difgrace. From J:hat moment the 
fcattered remains of this feft united them- 
leIves,nevermoretoappearagain in public. 
The light which began to fhine forth on all\> 
fides, rendered it neceffary that they fliould 
have recourfe to fecrecy and obfcurity ; and 
thus at length chemiftry became purified* * 
. James Barner, Bohnius, Tachenius, 
Kunckel, Boyle, Crollius, Glafer, Glauber, 
Schroder, c&c. appeared on the ruins of 
ihefe two {t&.s, to examine this indigefted 
aggregate,. and feparate from the confufed 
mafs of phenomena, of truth and of error, 7 
everything which could tend to enlighten 
theifcience. The fe6loft1leadepts,urgedon 
Vol. I. b by 
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by the madnefs of immortality, had difco* 
vered many remedies ; and pharmacy and 
the arts then became epriched with for- 
mulae and compofitions, whofe operations, 
required only to be reifitifiedj-and their ap- 
plications better eftimated. 

Nearly at the fame time appeared the 
celebrated Bcjcher. He withdrew chemif- 
try from the too narrow limits of pharmacy. 
He (hewed its connexion with all the phe- 
nomena of nature; and the theory. of the 
formation of metals, the phenomena offer- 
mentation, the laws of putrefaftion, were 
all comprehended and developed by this 
iiiperior genius. Chemiftry was then di- ^ 
refted to its true objeft : and Stahl, who fuCf^ 
ceeded Becher,. reduced to certain general 
principles all the fafts with which his prede- 
ceflbr had enriched the fcience. He fpoke a 
language lefs enigmatical; he clafTedallthe 
fafts with order and method ; and purged 
the fcience of that alchemic infeftion, to 
which Becher himfelf was too much at- 
tached. But if we conlider how great are 
the claims of Stahl, and how few the addi- 
tions which have'becn made to his doc- 

%* trine 
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trine until the middle of this century, we 
tannot but be aftoniftied at the fmall pro- 
grefs of the fcience. When we confult the 
labours of the chemifts who have appeared 
iince the timeof Stahl, we fee moft of them 
chained down to the fteps of this great man, 
blindly fubfcribing to all his ideas; and the 
labour of thinking appeared no longer to 
cxiftamong them. Whenever a well-made 
experiment threw a gleam of light unfa- 
vourable to his doftrine, we fee them tor- 
ment themfelves in a ridiculous manner to 
formadelufive interpretation. Thusitwas 
that the increafe of weight which metals ac- 
quire by calcination, though little favoura- 
ble to the idea of the fubtraftion of a princi- 
ple without any other addition, was never- 
thelefs. incapable of injuring this doftrine. 
The almoft religious opinion which 
enflaved all the chemifts to Stahl, has no 
doubt been pernicious to the progrefs of 
ehemiftry. But the ftrong defire of redu- 
cing every thing to firft principles, and of 
eftabliftiing a theory upon incomplete ex- 
periments, orfafts imperfe^ly feen,didnot 
admit of the fmalleft obftacles. From the 

b 2 moment 
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moment that analyfis had fhewn fome of 
the principles ofbodies, the chemift thought 
himfelf in pofleflion of the firft agents of 
nature. He confidered himfelf as autho- 
rized to regard thofe bodies as elements 
which appeared no longer fufceptible of be- 
ing decompofed. The acids and the alka- 
lis performed the principal part in natural 
operations : and it appeared to be a truth 
buried in oblivion, that the term where the 
artift flops is not the point at which the 
Creator has limited his power ; and that the 
laft refult of analyfis does indeed mark the 
limits of art, but does not fix thofe of na- 
ture. We might like wife reproach certain 
chemifts for having too long neglefted the 
operations of the living fyftems. They 
confined themfelves in their laboratories, 
lludied no bodies but in their lifelefs ftate, 
and were incapable of acquiring any know- 
ledge but fuch as was very incomplete : for 
he who, in his refearches, has no other ob- 
je6l in view than that of afcertaining the 
principles of a fubftance, a£ls like a phyfi- 
cian who (hould fuppofe he had acquired 
a complete notion of the human body by 

confining 
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confining his ftudies to the dead carcafc. 
But we muft likewife obferve that, in order 
to form a proper notion of the phenomena 
of living bodies^ it is necefTary to poiTefs 
the means of confining the gafeous prin- 
ciples which efcape from bodies ; and of 
analyfing thefe volatile and invifible fub- 
fiances which combine together. Now^ 
this work was impofiible at that time ; and 
we ought to beware of imputing to men 
thofe errors which arife from the ftate of 
the times in which they lived. 

It may perhaps be demanded^ on this oc« 
cafion^ why chemiftry was fooner known, 
and more generally cultivated, in Germany 
and in the North than in our kingdom. I 
think that many reafons may be given for 
this. In the firft place, the fcholkrs of Stahl 
and of Becher muft havfc been more nume- 
rous, and confequently their inftruftion far- 
ther extended. Secondly, the working of 
mines having become a refource neceffary 
to the governments of the North, has been 
fingularly encouraged ; and that chemiftry 
which enlightens mineralogy muft necef- 

farily 



fatily have participated in its encouf^ge^ 
Oients*. ' 

The ftudy of chemiftjy did not begin to 
be:cultivated to advantage in Eyance^ until 
the end of the laft centtfry . The firft w-aj}3 
of Louis XIV. fo proper/to develop [tlie 
talents' of il;he artift/ihe hiftoriap, and the 
military man, appeared little favourable tft 

* Since the. FrencTi government has facilitated the 
lludy ot mineralogy Hy the nnoft fujJcrb eftabli(hments, 
wc'havfc beheld the tafte for chcmiftry revive, the' arts 
which have the working of metals for their objeft have 
been rerniered more pcrfcfl:, and the mines which have 
been wrought are more numerous. Mr. iSage has been 
more parrticulariyaffiduous. and zealous to turn' the fa- 
vour of government towards this objeft. I have been a 
witneft tpl the laborious attention af this chemift to ef- 
fe6^ this Involution. I have bebel^ the perfonal facri- 
fices he made to bring it forwa;-d. I have applauded 
his zeal, Kis motives, and his talents. The fame fen- 
timents ftiH' occupy my mmd ; and though I teach a 
doftrine ?it prefent wllkrh is different from his, this 
circumftance arifes from the impoffibiliiy. of command- 
ing opinions. The philofopher wha is truly worthy ot 
this name, is capable of diftinguifliing the friend of his 
art from the (lave of his fyftem : and, in a w<ird;-fcvcry 
one ought; tDU rite according to his convi6^ion ; the 
raoItXacred axiom of the fciences being, •* Amicus FJato, 
fed magis arnica Veritas." 

the 
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the peacea We ftudy of nature. The natu- 
raiift who in his refearches fees union and 
hitttiony artfund hins/cannot be an indif- 
ferent fpeftatOr of the continual fcenes o£ 
diforder and deftruftion ; a^ his gibnius ii> 
cYufhed in the midft of troubles and dgita- 
tidfis. The mind of the great ColbeTt,deep<i^ 
lypefietrated withthefe truths^ quickly en-J 
deito'ured td temper the fii^e of difcford, by 
turtiing the minds of men towards the only 
obje^s Which could fecune the peace and 
pi^perity cJf the ftatei. He pKeniqid hinttfelf 
to «Mer trade flonriftiing ; he eftabliftfcxt 
manrffaftorie^ : fearfted mfeTft were invited 
from^all parts; encouraged, and united tOge* 
ther, to promrote his vaft piiage6ls. 'then it 
i^asihat the atdourofenquhy replaced for 
atitfidthefuryof cbnqueft ; and France very 
foon flood in competition with all nations 
for the rapid progrefs «f the fciences^ and 
the perfeftiofi of the arts. Lemery, Horn** 
berg, andGeoffroy arofe nearly at the fanusr 
time ; and other nations were no long^j^* 
titled to reproach us for the wan^6f che» 
mifts. From that moment thfr^iftence of 
the arts appeared to be wellaffured. AH 

the 
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the fciences which afford their firft priiV'. 
ciples, were cultivated with thegreateft fUc-. 
<5efs: and it will fcarcely be credited that,; 
in the fpace of a few years, the arts were 
drawii from a flate of non-entity; and car* 
riedto fuch a degree of perfeftion, thai 
France; which had before jeccived eyery 
thing from foreign countries, became in pof-: 
feflion of theglory of fupplying its neigh* 
bours with models ^yid with merchjindizes* 
.' Chemiftry Slid natural hiftory, however, 
at the beginning of this century, werecuUi* 
yated only by ?i very fmall number of per-, 
fons ; and it was then thpnght that the 
ftudy of tjhefe fciences ought to be confiaed 
:^ "! to the academies. But two men, whofe 
names will be ever famous,' have rendered 
' the tafte general under the reign of Louis 
XV. The one pofefled that noble fpirit 
which is a ftranger to the power of preju- 
dice, that indefatigable ardour which foea- 
filyovercomes every obftacle, thatopennefs 
of charafter which infpires confidence, and 
transfofed into the minds of his pupils that 
enthufiafmof which he himfelf felt the force* 

While Rouellc enlightened the fcience of 

chemiftry. 
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chemiftry, BufFon prepared a revolution 
ftill, more attonifhing in natural hiftory. 
The naturalifts of the North had fucceeded 
in caufing their produftions to be read by 
a fmall number of the learned ; but the 
works of the French naturalift were foon, 
like thofe of nature, in the hands of the 
whole world. He pofTeffed the art of dif- 
fufing through his writings that lively in- 
tereft, that enchanting colouring, and that 
delicate and vigorous touch, which influ- 
ence, attach, and fubdue the mind. The 
profijindity of his reafoning is every where 
united to all that agreeable illufion which 
the mod brilliant imagination can furnilh. 
The facred fire of genius animates all his 
produftions ; his fyftems conftantly exhibit 
the moft fublime profpeQs in their totality^ 
and the moft perfeft corrcfpondence in their 
minute parts ; and, even when he exhibits 
mere hypothefes, we are inclined to per- 
fuade ourfelves that they are eftabliihed 
truths. We become like the artift who, 
after having admired a beautiful ftatue* 
ufed his efforts to perfuade himfelf that.it 
refpired, imd removed every thing which 

could 
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could diflipate his illufion/ We take up 
his work with a pleafure refembling that of • 
the man who turns again to fleep, in hopes* 
o^ prolonging the deception of an agreea- 
ble dream. 

Thefe two celebrated men, by diffufing 
the tafte foar chemiftry and natural hiftory, 
by making their relations and ul'es better 
known, conciliated the favour of govern- 
ment towards them ; aoid from that mo- 
ment evei^y one interefted himfelf in the 
progrefs of both fciences* Thofe perfons 
who were beft* qualified in the kingdorii; 
haftened to promote the revolution Vhi^h 
was preparing* The fcierices foon infcribed 

r- ^ m their lift of cultivators the beloved and 
refpefted naitoes of La' Rochefoucault, 
Ayen, Chaulnes, Lauraguais, Maleftlerve, 
&c. ; and thefe men, diftinguifhed by tHefir 
birth, were honoured with a new fpeciieS'bf 
glory, which is independent of chance of- 
prejudice. They enriched chemiftry with 
their difcoveries, and afibciated their namesf 
with all the other literati who purfuedthe 
fame career. They revived in the mind of 
the chemift that paffion for glory, and th;ae 

' i . ardour 
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ardour for the public good> wWch conti^ 
nually excite nq w ejBbrts. The man i)f am* 
bkion and intrigue no longer ehdeavpyreji 
to (ieprefs the modeft and timid man of ge^ 
nius. The <:redit of men in place fervcd ai 
a; defence and fupport againft calumny and 
perfecution. Recbrapenfes were* affigned 
to merit. Learned men were difpatched in*^ 
to all parts of the world, to ftiidy thearts^ 
and colleft their produflions. Men of th^ 
firft merit were invited to ififtry^l us with 
regard to our'dwn proper riches; and efta* 
blifhments of cbemittry which were made 
in the principal townsof the kingdom, difr 
fufed the tafte for this fcience, and fixed 
among us thofe arts which we might in vain 
have attempted to naturalize, if a firm bafi» 
had not been firft laid. The profeflbrs 
eftablifhed in the capital, and in theproi 
vinces, appeared to be plajced between the 
academies and the people, to* prepare the 
latter for thofe truths which flow from fuch 
refpeftable affociations. We may confidei 
them as a medium which refrafts and mo- 
difids the rays of light that iflue from thofe 
various luminous centres ; and dire6):s them 

towards 
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towards the manufaftories, to enlighten 
and improve their praftice. Without thefc 
fcivours, without this confideration and 
thefe recompenfes, could irhave been ex- 
petted that the moft unaffuming among 
philofophers would have exerted himfelf 
to promote the reputation of a people to 
whom he was unknown ? Could a man fo 
fituated reafonably hope to fucceed in car- 
rying a difcovery into efFe6l ? Is it proba- 
ble that he {hould have poffeffed a fuffici- 
ent fortune to work in the large way, and 
by this means alone to overcome the num- 
berlefs prejudices which banifh men of 
fcience from manufaQories ? The contem- 
plative fciences demand of the fovereign 
repofe and liberty only ; but experimental 
fcriences demand more, for they require af- 
fiftance and encouragement. What indeed 
could be hoped in thofe barbarous ages^ 
wherein the chemift fcarcely durft avow 
the nature of the occupation which in fe- 
cret conftituted his greateft pleafure? The 
title of Chemift was almoft a reproach : 
and the prejudice which confounded the 
profeflbrsof this fcience with fuch wretch- 
ed 
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ed projeftors as are entitled only to pityi 
has probably kept back the revival of the 
arts for feveral centuries ; for chemiftry 
alone can afford them a proper bafis. If the 
princes of paft times had been friends of the 
arts^ and jealous to acquire a pure and du* 
rable reputation ; if they had been careful 
to honour the learned, to coIle£l their va- 
luable labours, and to tranfmit to us with* 
out alteration the precious annals of human 
genius; we fhould have been difpenfed 
from labouring among the rubbifh of early 
times, to confult a few of thofe remains 
which have efcaped the general wreck ; and 
we (hould have been fpared the regret of 
allowing, after many ufeful refearches, that 
the mafter-pieces of antiquity which re- 
main anfwer fcarcely any other purpofe 
than to give us an idea of that fuperiority 
to which the earlier nations had arrived. 
Time, the fword, fire, and prejudice have 
devoured all ; and our refearches ferve 
only to add to our regret for the lofTes 
which the world has fuftained. 

The fcience of chemiftry poflefles the 
glory, in our days, not only of having ob- 
tained 
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tained the prote6lion of government, but it 
may likewife boaft of another equally ele* 
vatedl This fcicnce has fixed the attention, 
and formed the occupation, of various men 
in whom the habit of a profound ftudy of 
the accurate fciences had produced a ne- 
ceflity of admitting nothing but what is 
proved, and of attaching themfclves only 
to fuch branches of knowledge as are fuf- 
ceptible of ftrift proof Meffrs. De la 
Grange, Condorcet, Vander Monde, 
Monge, De la Place, Meufnier, Coufin, 
the moft celebrated mathematicians of 
Europe, are all interefted in the progreft 
of this fcience, and moft of them daily add 
to its progrefs by their difcoveries. 

So great a mafs of inftrutlion, and fuch 
ample encouragement, could not but effeft 
a revolution in the fcience itfelf; and we 
are indebted to the combined efforts of all 
thefe learned men for the difcovery of fe- 
, veral metals, the creation' of various ufe- 
ful arts, the knowledge of a number of ad- 
vantageous proceffes, the working of fe- 
veral mines, the analyfis of the gafes, the 
decompofition of water, the theory of heat, 

the 
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4hei doflxine of combuftion ; and a mafs of 
knowledge fo abfolute and fo extended^ re- 
ipe^ing all the phenomena of art and of 
fiature^. that in a very fliort time chemiftry 
has become a fcience entirely new. We 
might now fay with much more truth what 
the celebrated Bacon affirmed of the che- 
miftry of his time : " A new philofophy," 
fays he, '^ has iffued from the furnaces of 
" the chemifts, which has confounded all 
^* the reafonings of the ancients." 

But while difcoveries became infinitely 
multiplied in chemiftry, the neceflity of re-» 
medying the confufion which had fo long 
prevailed, was foon feen, and indicated the 
want of a reform in the language of this 
fcience. There is fo intimate a relation be- 
tween words and fa6ls, that the revolution 
which takes places in the principles of a 
fcience ought to be attended with a fimilar 
revolution in its language : and it is no 
more poflible to preferve a vicious nomen- 
clature with a fcience which becomes en- 
lightened, extended, and Amplified, than 
to poUfli, civilize, and inftruft uninformed 
man without making any change in his^a^ 

tural 
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tural language. Every chemift who wrote 
on any fubjeft was ftruck with the inaccu* 
racy of the words in common ufe, and con*' 
fidered himfelf as authorized to introduce 
fome change ; infpmuch that the chemical 
language became infenfibly longer, more 
confufed, and more unpleafant. Thus the 
carbonic acid has been known, during the 
courfe of a few years, under the names of 
Fixed Air, Aerial Acid, Mephitic Acid, 
Cretaceous Acid, &c. ; and our pofterity 
niay hereafter difpute whether thefe various 
denominations were not apphed to different 
fubftances. The time was therefore come 
in which it was neceffary to reform the 
language of chemiftry: the imperfeflions 
of the ancient nomenclature, and the dif- 
covery of many new fubftances, rendered 
this revolution indifpenfable. But it was 
neceffary to defend this revolution from the 
caprice and fancy of a few individuals; it 
was neceffary to eftablifh this new lan- 
guage upon invariable principles ; and the 
only means of infuring this purpofe was 
doubtlefs that of erefting a tribunal in 
which chemifts of acknowledged merit 

fiiould 
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Ihoujid difcufs the words received without" 
prejudice and without intereft; in which, 
the principles of a new nomenclature might 
be eftablifhed and purified by the fevereft 
logic: . and in which the language fhould 
be fo well identified with the fcience, the 
wdrd;fo well applied to the faft, that the 
knowledge of the one ihould lead to the 
knowliedge of the other* This was exe* 
cuted in 1788 by Meffrs. De Morveau, 
Lavoifier, BerthoUet, and De Fourcroy. 

In order to eftablifh a fyftem of nomen^ 
dature, bodies muft be confidered in two 
different points of view^ and difiributed m» 
to two claflcs'; namely, the clafs of fimple 
fubilances reputed to be elementary, and 
the clafs of combined fubilances. 

1. The moft natural and fui table deno« 
minations which can be alfigned to fimple 
liibftances, muft be deduced from a princi-- 
pal and chara6leriftic property of the fub* 
fhmce intended to be exprefled. They may 
likewife be diftinguiOied by words which 
do not prefent any precife idea to the mind. 
Moft of the received names are eftablifhed 
on this laft principle, li^ch as the names 

VoL.L c ' Sulphur, 
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Sulphur, Phorphorus» which do lIoticjMWe)^^ 
a(ny fignification in our language; and pm^ 
duce in out* ininds determinate ideas cnalyy 
becaufe ufage has applied them to known, 
ftibftances* Thefe wOrds^ renderol* facn^d 
by ufe, ought to be preferved in a new no^: 
menclatUre; and no change ought to be/ 
made^ excepting when it is propofed tol 
refiify vicious denominations. In this cafe' 
the authors of the New Nomenclature have' 
thought it proper to deduo^ the denomina^. 
tk)n from the principal chiraaerifik pio- 
jperty of the fubflance. Thus, pure air» 
migfet'harvbbeeii called Vital Air, Fire Am^> 
or OxigieOfious Gas ;, becaufe it is the bafis 
cif acids, and the aliment of refpiration iwdi 
combuftion^ But iti iappears to me thatthis; 
principle has been in! a final! degree depart* 
ed ^om when the name of Azotic Gas w»: 
given to the atmoi])heriGa;1 mephitis^^' 
Becaufe, none of the kliown gafeoiks (ub^* 
fiances excepting vital 9k^ being proper fin 
refpiration, the word Azote agrees with' 
every one of them except one; and^oonfe-- 
c^ently this denommationi is not founded: 
upon an ^^cluiive prop€tty» di^in&ive and. 

'> .' •' cha- 
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i^iar«6^M3iftic: of the gas; itSkW^ [ i a^ Tbk d&* 
nomination; bdng once ihtxioidiiced, thehb- 
fide acid Oughttb havebeBan^klled Atsotk 
Axrid^ andits ccDDiibisiatiQm W 

ca&fe,the acids .are >pra|)oXed lo be dehoted 
by! the nami^hiclt belongs toliumradkah 
^ If <he d^noiiiftHUtiox^ of Azotic Gas does 
QOtiagree witlt thifiagrifohnlubftahce^ the 
nxiqe; of. Azdte ^ agrees fttll lefs. mth the 
concrete and fixed Aibftance ; for in thti^ 
ftatemn.the^gafe8at^;sir<fcixtiallya2k>tes/ It 
ftppeflcrstoind tfaietefore that thedenominif* 
tion of Az^tidG&sis not eilablilhedaccord^ 
iiigi to tbiii ptjaacifdcs vhicii have been 
aiicipced;'.and that the naxms glt^bi to the 
fisirbtal fUbfta<Q€es of which this gas confti- 
tutes om 6f fchetieliements; are equally re* 
moved frofathe^rmciple's of the Nomen^ 
datdre. ' In order to cotreft the Notnen^^ 
ckmite oil thik head^ nothihg mote k ne« 
9ltOMy thiaii^) fubftitutg to thi6 1«^rd a de* 
mmnttsaioti whidb is derived ffom the ge- 
neral fyftemimiaide ufe of; 4nd Ihave pt^e^ 
fiuned ix> prppo&^afi of Narogene Gas. 
In the firft place^ it is deducted from the 

and sxkrk&ve pretty €f 
c 2 this 
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this gas, v^ich forms the f adkal of the ni-* 
trie acid. By this means we fhali preferve 
to the Gombinations of this fubftknce the 
received denominations^ fuch as thole of 
the Nitric Acid^ l^itrates. Nitrites^ &c« 
Inthis maniner the word which is afforded 
by the principles adopted by the celebra-; 
ted authors of theJNbmenclature, caufes 
every thing to return into the order pror* 
pofed to be eftabliflied. 

2» . The iniethod made ufe of to afcertain 
the denominations fuitable to compound 
fubflances/ appears to me to be fimple and 
accurate. It has been thought that the lan« 
guage of this part of fcience. Ought to pre<« 
ient the analyfes ; that the words (hould be 
only the expreflion of fads; and that con^ 
fequently the denomination applied, by a 
chemift to any fubftance which has been 
analyfed, oujgbt to fepder him;acquauitdd 
with its copflituent pi^rts. . By foUowihg 
this method^ the Nomenclature Is as it were 
united, ind identified with the fcience i 
and fafts and words agree together. Two 
:tbings are therefore united; whith until 
jthis time.«ppeared to have no mutual re^ 

^ . lation^ 
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lation, the word; and the fubftance which 

• • 

it reprefehted ; and by this means the iludy 
of chemiftry is fimplified. But when we 
apply thefe inconteftable principles to the 
various- objefls of chemiftry^ we ought to 
follow the analyfis ftep by ftep^ and upon 
this ground alone eftablifii general and in* 
dividual denominations. We ought to ob^ 
ferve^ that it is from this analytical method 
that the various denominations have been 
afligned^ and that the methodical difiribu- 
tibns of natural hiftory have been at all 
times made. If man were to open his eyes 
for the firft time upon the various beings 
which people or compofe this globe, nit 
would eftablifh their relation upon the com* 
parifon of their moft evident properties, and 
no doubt would found his firft divifionS 
Vpon the moft fcnfible differences. The 
various modes of exiftence, or their feveral 
^Icgrees of confiftence, would form his firft 
^vifion ; and he would arrange them under 
the heads of Iblid, liquid, or aeriform bo* 
^ies. A more profound examination, and 
a more conne^ed analyfis of the individu*^ 
4ls, would foon convince him that the fub^ 

ftances 



iadu)ced.hii» toi unite ipjl^erfena^ <flj^i5,.\iiv. 
deria^enwic denoift^JrtiOr^, <J^ere4v.ery 
eflfeodaliy atBong qach Qtber> 4hdth*tt;Wfe 
diflfei^noes , neceflftrily r^q^irfed fubdw- 
£ons. Heqce be would divideibis foUdbdf 
dieiintdftonqf^itoietalay YCg^l^able fu^ft^r^t 
cesy< anihial fuftances^ &(;. ; his: liquids 
would be tfivided into -water, vital air, in** 
flaramable air, mcphitic iair, &c. When he 
proceeded to carry his refearches oh the ha^ 
lure \ of thefe fubftancea ftill farther^ he 
would perceivtttbat moftdf the individuals 
were formed by the union of limple princi- 
ples ; and here it is that his applications of 
the fyilem to be followed, in afligning a fuifr* 
ieible denomination to each fubftaqce^ would 
begin. To anfwer this purpofe, thd authors 
of the New Nomenclature have endeavour* 
ed to exhibit denominations i which may 
point out the conftituent principles* This 
. admirable plan has been carried in ta exe** 
cution as far as relates to fubftances whick 
are not very complicated, fiich as the comv 
binations of the principles with each other; 
the acids, earths^ metals^ alkalis, &c« 4^(|} 

^ this 
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this ^ part of the .N<^^npl atui^e appears tor 
me ix) leave nothing more to be defired. 
The explanation m^y be feen in the work 
pubiifhed on this (ubje3 by the authors, 
and in the Elementary Treatife of Che^ 
miftry^of Mr. Lavoifier. I {hall therefore 
do nothing more in this place than prefent 
a iketpb of the method I have followed; 
taking for example the combinations of « 
acids^ which form the mod numerous clafs 
of compounds. 

The firft ftep confifted in comprehend* 
ing under a general denomination the com* 
bination of an acid with any given baiis ; 
and in order to obferve a more exa£l ar« 
rangement^ and at the fame time to alliil 
the memory, one common termination 
)ias been given to all words which denote 
the combination of an acid. Hence the 
words Sulphates, Nitrates, Muriates, ar<^ 
uied to denote combinations of the fu^ 
phuric, nitric, and muriatic acids. The 
kind of combination is denoted by adding 
to the generic word the name of the body 
which is combined with the acid; thus, 
the fulphate of pot-alh expreiffes the com* 

bination 
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bination of the fulphuric acid with poU 

*fh. 

The modifications* of thefe fame acids^ 

dependent on the proportions of their 
confiituent principles, form falts different 
from thofe we have juft fpoken of; and 
the authors of the New Nomenclature 
have expreffed the modifications of the 
acids by the termination of the generic 
word. The diflFerence in the acids arifes 
almofl always from the greater or lels 

abundance of oxigene. In the firft cafe, 

' ■ ■ « 

the acid affumes the epithetof Oxigenated; 
hence the oxigenated muriatic acid, the 
oxigcnated fulphuric acid, &c. In the fe- 
cond cafe, the termination of the word 
which denotes the acid, endsan^//^; hence 
the fulphureous acid, the nitrous acid, &C4 
The combinations of thefe lafl form ful- 
phites, nitrites, &c. ; the combinations of 
the former compofe oxigenated muriates, 
oxigenated fulphates, &c. 

The combinations of the various bodies 
which compofe this globe are not alias finv- 
pie as thofe here mentioned ; and it may 
be immediately perceive^ how long and 

trouble-^ 
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troublefome the denominations would be, 
if attempts were made to beftow,afingIe 
denomination which (hould denote the 
conllituent principles of a body formed by 
the union of five or fix principles. In this 
cafe, the preference has been given to the 
received appellation, ar^d no other changes 
have been admitted but fuch as were ii&- 
ceflary in order to fubftitute proper appeU 
lations inftead of thofe which afforded no- 
tions contrary to the nature of the obje£U 
they were applied to. 

I have adopted this Nomenclature in my 
le3ures, and in my writings ; and I have 
not failed to perceive how very advantage- 
ous it is to the teacher, how much it re^ 
lieves the memory, how greatly it tends, to 
produce a tafte for chemiftry, and with 
what facility and precifion the ideas and 
principles concerning the nature of bodies 
fix themfelves in the minds of the auditors. 
But I have been careful to infert the tech- 
nical terms tifed in the arts, or received in 
fociety, together with thefe two denomina- 
tions. I am of opinion that, as it is impof* 
fible to change the language of ihe people^ 

it 
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it is heceflary to defcend to them, and by 
that means render them partakers of our 
difcoveries. We fee, for example, that the 
artift is acquainted with the fujphuric acid 
by no other narne than that of Oil of Vi- 
triol, though the name of the Vitriolic Acid 
has been the language of chemifts for a 
century paft. We cannot hope to be more 
happy in thi&refpeQ: than our predeceffors; 
and, fo far from feparating ourfelves from 
the artift by a peculiar language, it is pro- 
per that we ftiould multiply the occafions 
of bjringing us together ; fo far from at- 
tempting to enflave him by our language, 
we ought rather, to infpire his confidence 
by learning his terms. Let us prove to the 
artift that our relations with him are more 
extended than he imagines ; and let us by 
this intimacy eftabliih mutual correfpond- 
ence, and a concurrence of information, 
which cannot but redound to the advan<* 
tage of the arts and of chemiftry. 

After having explained the principal obt 
jeftions which have retarded the improve- 
ment of chemiftry, and the caufes whicTi 
in our time have accelerated its progrefs, 

we 
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nr^ fbiill endeavour to point put the prinir 
cipal applications of this fcience ; in Kfhich 
ijittedipt^ we think, we ihall fucceed beft 
by caftipg a general retrofpefl; over thofe 
art$ and fciences which receive certain 
principles from it. 

Mod of the arte are indebted to accident 
for their difcovery. They are in general 
neither the fruit of refearch, nor the re* 
fuU of combination, .but all of them have 
a more or lefs evident relation to chemiflrjr* 
This fcience therefore is capable of clear-* 
xng up their firft principles^ reforming 
their abufes^ (implifying their operations^ 
and accelerating their progrefs, 

Chemiilry bears the fame relation to 
iQoft of the arts, as the mathematics have 
to the feveral parts of fcience which de- 
pend on their principles. It is poffible, ik> 
doubt, that works of mechanifm may be 
executed by one who is no mathematician} 
and fo likewife it is poflible to dye a beau* 
tiful fcarlet without being a chemift : but 
the Operations of the mechanic, and of 
tbedyer^ are not the lefs founded upon in- 

. \ variable 
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Variable principles, the knowledge of which 
would be of infinite utility to the artift. 

We continually hear in manufaftoriesof 
the caprices and uncertainty of operations ^ 
but it appears to me that this vague expref- 
fion owes its birth to the ignorance of the 
workmen with regard to the true principles 
of their art. For nature itfelf does not a6l 
with determination and difcernment, but 
obeys invariable laws ; and the inanimate 
fubftance which we make ufe of in our 
manufaftures, exhibits neceflary effefts, in 
which the will has no pfeirt, and confequent- 
ly in which caprices cannot take place. 
Render yourfelves better acquainted with 
the materials you work upon, we might fay 
to the artifts ; ftudy more intimately the 
principles of your art; and you willbe able 
to forefee, to predift, and to calculate 
every effeft. It is your ignorance alone 
which renders your operations a continual 
feries of trials, and a difcouraging alterna- 
tive of fuccefs and difappointment. 

The public, which continually exclaims 
that experience is better than fcience, en-* 
courages and fupports this ignorance on the 

par^ 



f)4lt of tlie artifti aild it will not bo randte 
from our objed to attebipt tQafcertain the 
trueT^alue of thefe terms* It iJs very true, 
for example; that amaiivrhoJias^had a very 
loiig experience B*ay perform operations 
with exaftnefs ; but he will always be con- 
fined to the meie^mampulatton. I would 
compare fuch a man to a blind perfon who 
i& acquainted ^with the road, and can pafs 
aWg it with eafe, and perhaps even with 
the confidence and afTUranceof a man who 
fees perfeftly well ; but is at the fame time 
incapable of avoiding accidental obftacles^ 
incapable of (horteninghis way or- taking 
the moft direft courfe,andincapableof lay- 
ing down any rules which he can commiini'* 
catc to others. Thisis the ftate of tbeahUl 
of mere experience ; however long the du^ 
ration of his pra^Hce may have been^ as 
the fimple performer of operations. 

It ma}^erhaps be replied^ that artifts have 
made very important difcoveriesin confe- 
qud^ice of afliduous labour. This is indeed 
true, but the examples are very fcarce; and 
we have no right to conclude jbecaufe we 
iw^ve feen men of genius without any ma- 
t ! . thematical 
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thematical theory execute wonderfol work$ 
of mecbanifnit that the mathematics are not 
the bafis o^^mechanicsi or that any one has 
a right to expeft to become ^ great roecha^ 
ntc without a profound ftudy of mathe* 
matical principles. ; ; : » 

Itappears to be generally admitted at pre^ 
fenty that<:hemiilry is the batfis of the arjis ! 
but theartift will not dfcrivefrom chemiftry 
all the advantages he \m 4i right to expe£l^ 
until he ha; broken through that powerful 
barrier which fufpiciohi felE-love, <ind pre* 
judice havcraifed between the themiit 
andhimielf. Such philofoph^rs as have 
attempted to paTs this line» have freqi^ent^ 
ly been repelled as dangerous innovators} 
ttid prejudice^ which reigns defpotically 
in mahufa£lories^ has not even permitted 
it.ta be thought that the proceflbs were 
capable of improvement; ; 

: It is eafy to (hew the advantages which 
the arts might obtain fromxhemiftry^ by 
cafting a retrofped over its applications 
to^ach of them in parktcular. 

a. It appears, from the writings of Go* 
lumella, that the ancients poffeffdi a!confi4 

derabic 
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derablei extent of knowledge refpe^ing 
agnculCure,* which was at that time con^ 
fidered as the firit and nobieft occupation 
of ittaft^ But when once the obje£ls of 
luxury prevailed ovenhofe of neceffity, the 
cultivation of the ground was left to the 
merefucceflioDof praftice, andtliis firft of 
the arts became d^raded by prejudices^ 

' Agriculture is more intimately conneSied 
with chemiftry than is ufually fuppofdd. It 
mu:ft be admitted that every man is capable 
of caufing ground to bear corn ; but what 
a confiderable extent of knowledge is neceft 
fffry to caufe it to produce the greateft pof- 
fible quantity ! It is not enough^ for this 
purpoie^ to divide^ tocultivate^ and to ma-* 
Hore any piece of ground: amixture is like- 
wife required of earthy principles fo well 
afibrtad, that it may afford a proper nourifh-- 
ment;.permittherootstoextend themfelves 
to a diftance, in order to draw up the nutria 
tive juices ; give the ftem a fixed bafe ; re- 
ceive, retain, and afford upon occafion, the 
aqueous principle, without which no vege- 
tation can be formed. It ia therefore ef- 
to afceitain the nature ofthe earth, 

the 



xlviii Friliminary Dj/coutfc. 

the avidity with which it feizea wateY^ its 
force of retaining it, &c.'; and l^efe requi^ 
fites point to ftiidies which will afford prin- 
ciples not to be obtained by mere pra£lice 
but {lowly and imperfefitly. ■ 

Every grain requires a peculiar earth. 
Barley vegetates freely among the dry re-' 
mains of granite ; wheaC grows in calca* 
ijeous earth, &c. And how can it be pof- 
fible to naturalize foreign produCls, with- 
out a fufficient ftockof knowledge to fup-: 
ply them with an earth fimilar to that: 
which is nait^ural to them ? j / 

. The diforders of grain and forage, and' 
the deftru&ion of the infeftslwhich devoUr ' 
them, are objefts of natural hiftory and- 
chemiftry : and we have feen in ourown. 
times the efiential art of drying and prc-^- 
ierving grain, and all thofe details which 
are intereftiiig in the preparation of bread, 
carried by the labours of a few chemifis 
to a degree of perfeflion: which feemed 
difficult to have been attained. 
. The art of difpofing ftables in a proper 
manner, that of chooCng water adapted for 
the drink of don^efiic animals, the occonomi-. 
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eal ptbcefiei for prepiaring and mixing thdlr 
foc^ the dncommoii talent df fupplyiug a 
|)r6pier manure fuhed td the nature of fbil^, 
ihe ' knowledge neceflary to prevent or to 
rirpaif the effe^ of blights--«ll coAe %ith* 

in the province of Chemiftry ; tiiki With- 
out the afliftani^ df> this fciettte our pro- 
ceeding wduid be painful, flow, uid Uh<- 
teitah. 

We may at ptefetit infift upott ti^ ne'- 
oeffity 4f chfemiftry ia the various branches 
of ag^icultute with fo much the mor6 rea- 

fon, as government does not ceafe to eb^ 
doorag^ this fiiril of arts by recompences, 
diiUni^otiS) afid ei^biifliments ; and tht 
Vie«^ of t^e ftatfe are forwarded by the pro- 
^Ofal of mtttns t<^ kuder this ait flouriih^ 
Ifig; Wtfee, Wii^lhe greateft fatisfadion, 

fhat by a happy i^i^tiim of reflection, we 
begin tb confidet kgritulture as the pureft, 
tte HciOft fruitful, and the mofl: natUi^^ 
Sekxrtt <sC ^r riches^ Prejudices no Ion* 
fvriieod to opptefs th^ hufbandman. Cdti- 
tempt and fervitude at^ iio longer thb i<i- 
heritaiice letfeiviUi for hisihceffanC labotiiH. 

Tiie ttioft v^«gii ^smd th* meft v^uofus 
Vo«k» I. d ciafs 
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da^fe qF men is likewife that \^6fe ftateis 
moft mimitfely confidered ; and the cuhi* 
vator of ihe ground in France is at laft 
permitted to raife hisharnds in jt ftate of 
fiieedoni to Heaven, in gratitade for this 
happy; reyolutiQin. ,^:': 

2- The. working of mines is likewife 
founded upon the priacipleSs of chemiftry^ 
This fcience alone points out and direfU 
the feries of operations to be made upon 
a metal, from the nioment of its extraftion 
from the earth until it comes to be ufed in 
the arts. ., _ . . . . 1 

Before the chemical ..^n^lyfis was appli- 
ed to the examination of ftones, thefe fub*- 
jlancej were all denoted by fuperfixdal 
.chara6lers, fuch as cploufj hardtoef$,'yo^ 
lume, weight, form, and the propetty of 
•giving fire with thefteel.v AH' thefe cifr 
cumftances had given rife to methods of 
divifion in which every other property 
was confounded; but the fucceffive la- 
i)ours -of Pot^ Margraaffi : Bergmamii^ 
.Scheele, Bayen, Dietrich, Kirwan, Layoi^ 
fier, De Morveau, Achard, Sage^ Ber* 
thollett| Gerhard, Erhm^nn, Fottrcroy; 

Mongez, 



Mongez, ;Kla^rpt^, Crell, P^fleti^r, De la 
Mel^erie/^v by inftruftiiig us concj^ni- 
ijag the confltituent principles (of every 
known ftone, have placed thefe fubftances 
in their proper iituations, and have carried 
this: part of cherpillry to the fame degree 
gf.precifion as ttat which we before pof- 
fefled refpedUnir the neutral falts. 
\.1rhe natural hiftory 9f the mineral king- 
dpnajiunafljfted byrchemiftry, is a language 
cppapofed of a few^ words, the knowledge 
c^ lyhich has ^^cqwired the name of Mine- 
ig^ogift to many perfons. The words Cal- 
careous Stope, Qranite, Spar,. Schorle, 
F^d Spar, Schiftus^jMica, &c, alone com- 
j^e^he diftionary of feveral amateurs of 
i^atural hiftory ; Ijut the difpofition of thefe 
fuj>ftances in the bowels of the earth, their 
Ce^eflive pofition in the compofition of 
the glbbje, their formation and fucceffive 
decomppii.tions, their ufes in the -arts, and 
the knowledge of their conftituent princi- 
ples, form a fcience which can be well 
k^iown and inveftigated by the chemift 

. Jt is neqeflaiy therefore that iui|ieralog3e 

da fliould 






fhotild U fetilij^tbiied by the lH^l^y df efi^:' 
raiftry J iind ^W may obftrvfc' that, fiii^" 
thefe tvro fcifehtes havfe \Mii iinit^dj th* 
labour of working mines h^ befeh fimj^Ii^ 
fied, metallic ores have^ieeh \^r6iight with 
more intelligence, fevera! riewmretallic fiib-^ 
ftances hatre been diftovmrd; individuaife 

• % • 

have opened mines m th^ ||iiovthces ; and 
we havfe b8conie fa&iii^ '#ith a fcteciti of 
ihduftfV Which feemed for eifeii, slnd almbit 
incompatfible with/ oni foil smd; biir habiti^ 
Sfeel and the other metals hiive ree«vfcd fer 
our mahdfaSories th^t degprc^ of pertbSlbll 
which had till lately excited our ad6iiiP&> 
tiori, arid humiliated oirr Iclf-Jovei T«6 
fiiperb faianufaftiire of Greufpt hais iMf 
equal in Europe. Moft of bur woHks ii* 
fapported by pit-coal ; and rfiis tte# icoili- 
buftible fiibftance is (b liiuch the mfore Var^ 
luable, ak it aSbrds us time to repair oiiir* 
exhauded 'woods, and as it is found a}M6ft 
every Where in thofe barren foils which 
replel the pldughfhare, and prohibit eveiry 
other kind of induftry . The eternal gntti^ 
tude of this country is therefore due td 
Meffrs* Jats, Dfetrich, Duhanief, Mbniet, 

Genfanhe^ 
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Gcnfanne^ &c. who firfi brought u$ ai;? 
guainted with thefe true ric}^es^ Jhft tallje 
fpr miner;^|^gy, w^ich ha^ fliffufcd itfeif 
within our rcoiefubrance^ jbas not a li|:tl^ 
coi^^^pted ;iQ produce .^i§ rejvplut^oj 
j^d it is 19 a g^'eat meafuc^ oy^iog to tho& 
CoHfOiopB qfjoafUTsd hii^pry, ^gainll whkl|^ 
^^e IftT^ft^ i^^^ fo n^ch excianneidy 
t^t we ajre iodd^ted fyr t}us general tafte.» 
Ow coUc^pps h»v« the iame iplatipn tq 
m^rJi^ hiaory, /» J>p9ks hefir jojitefatuff 
fff^ the icience^. Th^ colle£lipn4requentt 
}Y is pithing flapjre th^ ao^pl^eft of 1^^ 
4iry jto the proprietor ; bu^in tbi^ veiy c^ff 
It is a refource always open to the m9i^ 
who is defiro^s qf behpldipg, f^4 ^^^rV^"- 
ii>g hiiwfelf. lth^n€xcmphrq{^ff>j:if^ 
of nature, w^ich may be conrul|:ed ^very 
moiQent: and the (^hemid who tuvs over 
all thefe produdions. and fubjefls them to 
^i^lyfqs (to ^certap tjbeir ^onfiituent prin* 
jcip^es^ fprois the preci9^s chaia which 
unites nature and art» 

3, Whi^e the chexnitt attends to the na* 
ture Oif b9dies^ and ende^ypu^^ to afcerta^n 
ifcpjr WWftitVtnt pjiftcipltt^ tfee natural 

philofopher 



liv PreJtmmryDifiotirfe. ' 

philbfophcr ftiidies thtii external chafacv 
ters, and as it vere their ' phyfiognortijt. 
The objeft of the cfacmift- ought therefore 
to be united to that of the philofopher, 
in order to acquire a complete' idea of a 
Vcdy, What iiT faft (hall fre tall Air or 
Fire, without the inftnittda-of -the the?- 
miS? Fluids more or \A 'eompieQible; 
pocidnouss and elaJlic. -What are the pa'r« 
tkrtxfaors of infbffmatioo whieh'natural phi- 
k^foohv afibrds us c on cq iii ng die natiiri 
of foiid>? It teaches us to £fiingui(h them 
ftoK ei«t cdfeer, tocalcwfafelfieirifeighr, 
to det^rr^irse :?!jer figure^ to afcertain their 

If we e^ OCT aitention uixm the nume- 
rcHi:Si parttcuTjur^ w!i5ch chemiftry has latd]^ 
tau^: u$ r^:rec:r?ri: ^r^ water, and fire, we 
(hill rerceix^ ir .^w isccit the cohncQiob of 
thele t>*v x"^ff\r« ri> been ftrengthened, 
Beforx?^ ih;^ r:f>v u^joc, natural philofophy 
W5> redux^fti 5c^ the f ctpif* difplay of nia- 
c^Lirfs; ari :>i> vw:ue:o\ by giving it a 
trar.r:e:K p^^ir^. \*v<i:d ^^jtve impeded its 
^^OT^-i^. if cheiBj!tr\^ hid rot reftored it 
to iii iTtx dcfUaaiiou. The cefcbratcd 

chancellQr 
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chancellor 'Bacon compared the natural 
magic, or experimental philofophy,'Of hi^' 
tinie, to a magazine in which a few' rich 
and valuable moveables were found among 
a heap of toys. The curious, fays he, is 
exhibited inftead of the ufefuL What 
more is required to dr^w the attention of 
great nieh, and to form that tranfieht fa* 
(hion of the day which ends in contempt? 
The natural philofophy of our days no 
longer deferves the reproachesof this ce- 
lebrated philofopher. It is a fcience 
founded on two bafes equally folid. On 
the one part, it depends on mathcmatifcal 
fcience for its principles ; and, ontfiedther, 
it refts upon chemiftry. The natural' phi- 
lofopher will attend equally V0 bdtK fci-i 

ehces, ^" 

■ ■ • 

The ftudy'of chemiftry, in eettain de- 
parttnentis; is fo itltimately cohneSed ^itH 
that of rialural philofophy, that they are 
infeparable; as, for example, in refearches 
concerning air, water, fire, &c. Thefe 
fciences ' very advantdgeoully affift each 
othcir in othier refpefts; and while the 
chemifl clears minerals from the foreign 

bodies 
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l>o4H^:wM^h s^re coii)iIpine4 with theip|,^9 
pbijQfppbicr fwppJips the n^ecljanieal^ppi^f 
jratifs pccqflkry for explaripg tHem. Q)^j 
miftry is inieparable from natural phi^o* 
fpphy, even in fuph parts ^ appear thp 
poft independent of it ; fuoh, for exam^ 
pje^ as optics, where the natural phijofo? 
pljer can make po progreft|>ut ifi pfopor* 
tion as the chemifi fli^i bpng hi^^ff^ fp 
perfeQion. 

Th^ Gpnne£ljioi9 betw«f ij thcfe two fqit 
ences \s io intimate, that it is 4i$c^It tp 
draw,4,li»e 45f diftin^ipp . b«twj?q5i th?ip, 
If w^ coniine natural philpfopby to epquir 
Ties relative to the exte}7;tjsil properties of 

bodiesj we (hall afford cv? mh^^ pbjei^ but 
th^ mere outfide of t^jngf r \i we re(lrain 
the chemift to the mere analyfis, he will ft 
moft arrive at the knowlec^e o^ the con- 
ilitg[ent principles of bodies, and will be 
ignorant of their funftions. -Tbefc diilinc^ 
tions in a fcience wjiich has but onecom^ 
mon purpofe, namely the complete know^ 
ledge of bodies, cannot longer exifl ; and 
it appear^ to me that we ought abiblntely 
to reje£l theip in all objo^ whic)|. ^9^ only 

be 



• • 



Preliminary I^iJ(^OHrft^ \v\\ 

be well examitied by the ^inioji pf ^^tyra J 
philofpphy ?tad chenjiftry, , 

At the perip4 of the reviyal of letjer?^ it 
vas of advantage to feparate the learnie^, 
as it were, V^ppu the road to truth; 9nd i^ 
roultiply the Yprl^Oiops, if I pi^y ufe the 
cxprefliop, to h»flea the clearing away^ 
But a^ pr^f^t, whi^H the vaxipps ppipt;| 
a^e re^unit|3;d3 i^nd the ^nnei9:i9n )>etwefj) 
the whpl? is ieen, tbefc fisp^rf^^pps, t)>(?f^ 
divifions, ought tp ^ o9aq^4{ 9^4 W^ 
Hfk^Lj flf«:ter ourfclves ^h»t, by uiii|ting pfif 
efforts, we may make 4 rapid prpgr^fs i|| 
the ftpdy of nature. The m^iJ^x^^ anjd all 
the phenomena of whi^h the atij^ofpheiis 
is the grj^nd theatre, can h^ known only 
by thi^ re union. The deconypofitipn pf 
water i^ the bpwels of the earthy and it;s 
ibripatipo in Jthe iluid which f\irro^qds x;f|S« 
cannojt but givp pfe tp the mpft h^PPy iW4 

th« i»oflt A»hlwe *ppUf ation?, 

4. The conoe^ion between cjb(^i9:ry 
aod pharmacy is fo intimatej that t^efe tw^ 
fciences hd.ve long been coqfidered a^s pwi^ 
and the iaoie ; and cheqaijftryi for 9 Ipng 

Xm^M WW cvJtty#te4 poly hy jAr^^^*^ ^* 

apothe- 
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Hriii Prelifnirtary Dijcourfe. 

apothecaries. It muft be allowed that^- 
though the cherniftry of the prefent day 
is very different from pharmacy, which is 
only an application of the general princi- 
ples of this fcience, thefe applications are 
fo numerous, the clafs of perfons who cul- 
tivate pharmacy is in general fo well in- 
^raed, that it is not at alFidbe wonder- 
edat, thatrtioft apothecaries (hould endea- 
Vour to ehlighten their profeffion by a fe- 
rious ftudy of chemiftry, and by the hap- 
^ieft agreement unite the knowledge of 
both parts of fcience. ' 

The abufes which, at the beginning of 
the prefent century, were made of the 
applications of cherniftry' to medicine; 
have caufcd the natural and intimate rela- 
tions of this fcience with thie art of heal- 
ing to be miftaken. It would have been 
more prudent, no doubt, to have reftified 
its applications ; but unfortunately we 
have too much ground to reproach phy^ 
ficians for going to extremes. They have, 
without reftriftion, banilhed that which 
they before r<5ceived without examination;^ 
and we have ftcn them fucceffively deprive 
• * ' their 
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their art of all the afliftance it might ob^ 
tain from the aiaxiliary fciences*- • ■ - 

In order to dircft with propriety the ap^ 
plieations ot'ehemiftry to the human body, 
proper views muft be adopted relating to 
the animal economy, together with iaccu« 
rate notions of chemiftry itfelf. The re- 
sults of the laboratory muft be confidered 
afr 'fubordinate to phyfiological obferva- 
tions: - We (hould endeavour to enlighten 
the Che by the other, and to admit no 
truth as eftablifhed which is contradi6led 
by any of theffe means of con vi6libn. It is 
in' cohfequence of a departure fr^ln thefe 
prineipleis nhat the human body feaft been 
confidered as a.lifelefs and pafflve fub^ 
ftance ; and that the ftrift principles ob* 
ferved in the operations of the^ laboratory 
have been applie<i to this living fyllen). 

In the mineral kingdoin,. every tjbingi$ 
fubjefted to the invariable laws of the afB- 
nitiesi No internal principle modifies tl^ 
a6lion 6f natural agents; and' hetice it 
arifes that we are capable of foretelling, 
producing, • or modifying the effefts. 
^ liGi the vegetable" kingdom, the a£lion of 
- external 
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external pgents is equally evident ; bftj 
the internal iprganizatian modifies theif eft 
fc/Ss,. an4 the. principal fpn|apns of v^ge^ 
fables arilib from the combifjed aftipji qf 
extjernal and internal c^qfes. It was ijp 
d0ubt for .this reafon that the Creator difr 
poled the principal organs of vegetation 
ppon the fui;fa;ce of the. plant, in prde,F 
that the various fun£lions mig:ht atithe 
fame time receive t^e imprelSony Qf ^Xt 
ternal agents, and that of the injtera^} 
principle of the organi;5ation, ; , . 

. In animals, the fundions are muph le|]| 
diepcndant on external c^juies ;.an4;p»tjujEe 
has concealed the principAl^piigan? in the 
internal part of their bodies, ^s if tp wi.thT 
draw them from the influencie of fprejigii 
powers. But the more tfee fwnftipp$ pf Ai» 
individual are conneQ;^ iwjlJj its pjrgwir 
zatioo^ the lefs is the empire of chcpjiftry 
over them ; and it become u$ tp b$ c^m- 
tions in the application of this fcience tp 
»)1 the phenomena which depend dOTentir 
^y upon the principles of life. .; . 

We muft not however jqonfidbr chemifr 
try 06 £Mrmgii to the (liid/ and prsi^i^f of 
• i medicine. 
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ilifedidhi. This fcience alone cah teach 
us the difficulty and art of c!ombining re-« 
ni'edies. This alone can teach us to apply 
them with prudence and firmriels. With* 
out thfe afliftance of this fcience, the prac-* 
titioner would fcarcely venture to apply 
thcrfe powerful rfemedies from which tht! 
^h^rbical phyfician knows the mfeans of de- 
riving fuch great advantage. Chemiftry 
dtone, in all probability, is capable of af-^ 
fording means of combating epidemic dif- 
drder^, which in moft cafes are caiifed by aii 
iilteratidti in the air, the water, or our food. 
h twll b6 ohly in confequence of ahalyfisl 
fhat thfe <nie remedy cah be found againft 
thofe ftony concretions which form ihA 
iUattet of the gout, the ftone, the rheiifna- 
fiflA; &t.; arid the valuable particulars df 
tofetftiAtion \^hich we how jpdiKfe "tkt^^t^ 
ing ircljpiratidn, and the haturfe of the j^ritt^ 
tipai huniolirs of the humdn bddy^ af^ \^ 
wife amohg the benefits iirifift^ ftWSh tlfiK 
fciieiicc* 

■5. ChirhiRry is riot dhljr bf ati^kfttSige t6 
agriculture, phyfic, rhibtrkkfgy, and ifa^di-i 

• aft 



hW PrelimiHdry tiipbkffi^ 

ef death ife developedi from which tiMur* 
tftkes thfe fckhieiits of the 6o«pofition of 

bodies, iitid to which their ftibfequem de^^ 
compoifitiott return* the feme principles 
Whieh wetfe bfeforfe extrafted. 
'' Chetoirtry, by informing us of the na* 
f«^ ahd prindipl6§ of bodies, in(lru6ls us 
^f {^ty ^OttiJt rfting oiir r^lHtioft to the ob- 
j^^ Ar&bhd lis. 'thi^ fcience teaches us^ 
is k Wtffe, to live with them \ and itnpreffe* 
ft trud life upon th^in^ fiAce by this meand 
fAch body ha^ its flame, its charafter, it6 
ftfes> Afid itfe influence^ in the hstrrfittfiy . 
and arrangeiheht of this univerfe. 

The chefiiift, in the midft of thofe nu- 
Aiarous beifigs which the common race of 
ffiCn accufe nature of having Vainly placed 
Upon our globe, enjoys the profpeft as it 
fee in thfe eentre of a fociety, all whofe 
filtttfibei^s are contiefted together by in- 
tkflate relations, and concur to promote 
^6 ^nehil good. In his &ght, every 
thing is atiittialed, every being performs a . 
part t>ti thifi vaft theatre ; and the chemift, 
ifrhd participates in thefe intereftingfcenes^ 
ii ft^aid with ufury for his firft exertions 

to 
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to difcover the relations exiftifig between 
them* , 

We may even confider this commerce, 
or. mutual relation between the chemift 
and nature^ as yery proper to foften the 
manners, and to impreG; on the character 
that freedom and firmnefe of pripqiple fo 
vahxable in fociiety- In the ftudy of na-* 
tural hiftory, nQ caufe ever prefejits • itfelf 
to complain of inconftanCy op tre|M:h?ry^ 
An attachment ^ eaiilyjCQnti^edfor ob«- 
y^Bt.^ which afford enjoyment only ; and 
thefeconncftions ane as pure ^ their ob-^ 
je&, as durable as nature, and »ilronger in 
proportion to the excrtipns which hav^ 
been required to eftablifh thcca. 

From all thefe confiderations, ther« is no 
fcience which more eminently de|erves to 
enter into the plan of a good education 
tfaaii: cbeEmiftry . We may even aSBrm that 
thci^ttdyof this fcience is arimoft iodifperfc- 
fably .tieceffary .to prevent us from being 
.ilranigers inthe midft of the beings and 
gfrhcmomena which furround us. It is true 
ii^ddd :t|^at4hehabitof\4Diehphling the ob^^ 
j^A^ of natu^eqtnay 'produce a knowledge 

Vol. L e of 
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of fome of their principal properties. Wd 
may even in this way arrive at the theory 
of Tome of the phenomena. Btit nothing 
is more proper to check thepretenfionsof 
young perfons who are elevated by fuch 
impepfe€l dLcqui{itions» than to fhew them 
the vgifl: field of which they are ignorant. 
The prbfound fchtiment of their ignorance 
will be feconded by the natural defire of 
acquiring new knowledge. The wonder- 
ful- properties of the objeds prefentedto 
them •will engage their attention . The in* 
terefting nature of the phenomena : will 
tend to excite-their curiofity. Accuracy 
of experiment, and ftriftnefs of refult, 
will form t^eir reafoning powers, and ren- 
der them fevere in their judgment. By 
ftudying'-the properties of all the bodies 
which furrbund him, the young fcholar 
learns to know their relation with himfelf ; 
Bnd by fiitceflively attending to all objefts, 
he extends the circle of his enjoyment by 
new conquefts. He becomes a partaker in 
the privileges^ of the Creator, by uniting 
find difuniting, by compounding and de- 
ilroying. We might even, affirm that the 

Author 
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Author of nature, referving to himfelf 
alone the knowledge of his general laws« 
has placed man between himfelf and mat- 
ter, that it may receive thefe laws from his 
hands, and that he may apply them with 
proper modifications and reftri&ions. In 
this view, therefore, we may confider man 
as greatly fuperior to the other beings which 
compofe this living fyftem. They all fol- 
low a monotonous ^nd invariable procefs ; 
receive the laws, and fubmit to effe6ls 
without modification. Man alone pof- 
fefTes the rare advantage of knowing a 
part of thefe laws, of preparing events, of 
predifting refults, of producing effe6ls at 
pleafure, of removing whatever is noxious^ 
of appropriating whatever is beneficial, of 
compofing fubftances which nature her- 
felf never forms ; and, in this laft point of 
view, himfelf a Creator, he appears to par-* 
take with the Supreme Being in the moft 
eminent of his prerogatives- 
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I K T RODtJCTICN. 

Defimtion of Chemiftry ; its Obje£l and 
Meaas.-^Defcriptioii of a Laboratory^ 
and tbe principdl Inftruments employ^ 
ed in chemical Operations^ with a De^^ 
finition of thofe Operations^ 

CHEMISTRY is a fcience, the obJQft 
of which 18 to afcertain the natuxe and 
properties of bodies. 

The methods uiU to obtain this knowledge 
are reducible tb two ; analyfis and fynthefis. 
Vol. I. B The 



2 Lahoratdry. Furnaces^ 

The principal opcrarians of chcmiftry are 
performed in a place called a Laboratory. 

A laboratory ought to be extcnfive and well 
aired, in order to prevent dangerous vapours 
from remaining, which are produced in fomc 
operations, or which tnaj^ efcape by' any un- 
forefeen accident. It ought to be dry, becaufe 
otherwife iron veflels would ruft, and moft of 
the chemkarpfbdu6fe twmtd be liable to 
change. But the principal excellence of a la- 
boratory confifts in its being furhifhed with all 
thofe inftruments which may be employed in 
the ftudy of the nature of bodies, and in en- 
quiries refpeding their properties. 

Among thefe inftruments there are fome 
which we ofigencraj ufe^^and applicable to 
moft operations ; and there are others which 
ferve only for peculiar ufeSi This divifioh im* 
mediately points out that, at the prefent in« 
ftant, we can only treat of the former, and that 
we muft.dQfcribe the others on fuch occafions 
as will render it neccflary to treat of their ufes. 

The chemical inftruments moft frequently 
employed are thpfe which prefent themfqlves 
firft . to view upon entering a laboratory; 
namely, the furnaces. 

Thefe furnaces cpn^ft oj^^eartljien veflels ap- 
prop^rifited to th^ various operations performed 
upon bodies by means of fire. 

A proper 



The E*i>apordt^ Furnace* 3 

A proper mixture of fand and clay is com- 
monly the material of which thefe veflels arc 
formed. It is difficult, and even impoffiblc, 
to prefcribe and determine, according to any 
invariable method, the proportions of thefe 
conftituent parts ; becaufe they muft be varied 
according to the nature of the earths made ufe 
ofi Habit and .experience alone can furniih 
'. us with principles on this fubjeA, 

The feveral methods of applying fire to 
fubftances under examination have occafioned 
the conftrudlion of furnaces in different forms, 
which we Ihall at prefent reduce to the three 
following. 

I. The evaporatory furnace. — This furnace 
has received its name from its ufe. It is ufed 
to reduce liquid fubflances intp vapour by 
means of heat, in order to feparate the more 
fixed principles from thofe which are more 
ponderous ; and.were mixed, fufpended, com-^ 
pounded, or dilTolved in the fluid. 
. The fire-place is covered by the evapora-- 
tory vefTcl. Two or three grooves, channels, 
or deprcffions are made ioj the fides of the 
furnace, near its upper edge, to facilitate the 
drawing of the fire. 

The yeffel which contains the fubftancc.to 
be evaporated, is called the evaporatory veflel. 

B 2 Thefe 



4 Chemical Vtgel^ tf Earth ; 

Thefc vcffels are formfd of earthy glafs, of 
nijetal. Veflels of ungtazed earth are too pi&- 
xous, infomuch that liquids fihrate througfc 
their texture. Thofc pf porcelain bifcuit ^to 
tikewife penetrable by liquids ftrongly hea^ed^ 
And fufier gafepus or aeriform fubflances to 
efcape. The beautiful experiment of Mr. 
IX'Arcetttpon the combuflion and deftrudliofi 
of the diamond, in balls of porcelain^ are well 
koown^ and tend m illufhute this fubje^. I 
kive confirm^ theiCe r^lts by experiments 
ifl the larg^ way> upon the diftiUation of aqua« 
jBortis^ which lofes as well in quality as quaiK- 
tity when the procefs is carried on in veffels of 
porcelain clay. 

Glazed eaj-then vefibis cannot be ufed x^hitn 
the glafs con£fts of the calces of lead or copu 
per ; becauie thofe metallic naatters are* at* 
tacked by acids> fiits-, oils, &c. Neitl|er can 
earthen veifels: be ufed which are covered with 
enamel^ becaufe this kind of opake glafs is 
ahnoft always full of fmall cracks through 
which the Hqurdi would int»Foduce itfelf into 
thi^ body of the veflel ; 

'^Earthen veiTeU cannot dierefore be ufed; 
excepting in operations of. little delicacy, in 
which preciikui mid: accuracy are not indif- 
pbnTably required »• 
^ ^ T Evaporatory 



' EViporatdrJr vcffels of glafs are in geheftl 
to be preferred. Thofe which refill the fire 
betC6r than atijr others, ai'e pret)ared in the la- 
.boratory^ by cutting a fphere of glafs or a 
feceiVef intb two equal parts with a red^hdt 
iron. The capfules which are made in the 
glafs^houfe arc thickefl: at the bottom, and 
coniequently are niore liable to break at that 
part when expofed to the fiiie. 
. Evaporatdrf vfeflels of metal are ufed in nia* 
HufaAories. Copper is mod commonly emi- 
ployed, becaufc it not only poflefles the pri)- 
perty of refitting fire, but has a cdnfideiabte 
degree of folidity^ together with the facility of 
being Wrought. Alembics are iti^de of thiis 
metal, for the diftillatioii of vinous fpiHts, and 
aromatic fubfiances ; as are alfo caldrons or 
pots for Cfyftallizatioil 6f Certsiin falts, ahd 
for faveral dyeing procefles, .&c. Lead is liK6- 
wife of ronfiderable ufe, and is mude choice of 
whenever operations are to be performed lipoh 
fubftailces which contain the^ fiilphuric acid, 
fuch as the fulphates of alumina and of iron*; 
and for the concentration ahd rectification of 
the oils of vitriol. Tin velTds arc alfo em- 
ployed in fome operations : the fcaflet bath 
affords a more beautiful colour iii boilers of this 
metal than in thofe of any other. Capitals of 

tin 
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tin have already begun to be fubftituted in the 
room of thofe of copper, in the conftrudtion of 
-alembics ; and by this means the feveral pro- 
duds of diftillation are exempted from every 
fufpicion of that dangerous metal. Boilers of 
iron are likewife ufed for certain coarfe opera- 
tions ; a3 for ejcample^ in the concentration of 
i:he lixiviunis of common falt^ of nitre^ &c. 

Evaporatory vcffels of gold, offilver, or of 
platina, are to be preferred in fome delicate 
joperations ; but the price and fcarcity of thefe 
veffels do not permit them to be ufed, espe- 
cially in the large way. 

Moreover it; is from the nature of the fub- 
ftance to be evaporated, that we muft deter- 
mine the choice of the veflel mod fuitable to 
any operation. There is no particular kind of 
.^reiTels which can be adapted exclufively on all 
occafions. It may dnly be obferved, that glafs 
prefents the greateft number of advantages, 
becaufe it is compofcd of a fubftance the lead 
attacked, the Icaft foluble, and the leaft de- 
ilrudlible by chemical agents. 

^Evaporatory veffels are known by the name 
of capfules, cucurbits, 8z:c. according to their 
feveral forms. 

Thefe veffels ought in general to be very 
wide and ihallow, in order that the diHiU 

lation 
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lation and evaporation may be fpciedy and 
<sconomical. It is neccffary^ i. That the 
evaporator/ veffel be! not narrow at its upper 
part. 2 • That the heat be applied to the \u 
quid in all partSj and equally. 3. That the 
column or mafs of the liquid fhoqld have little 
depths and a large futface of evaporation. It 
is upon thefe principles that I have conftrudl-^ 
ed^ in Lianguedoc^ boilers proper fordiftilling 
brandy^ which fave eleven-twelfths of the time, 
and four-fifths of the combuftibles. 

Evaporation may be performed ii> three* 
manners. 1 . By a naked firc« 2. By the fand 
bath. 3. By the water bath. 

Evaporation is made by a naked fire^ when 
there is no fubflance interppfed between the 
fire and the velTel which contains the liquid 
intended to be evaporated 1 as, for example, 
when water is boiled in a pot. 

Evaporation is performed by the fand bath, 
when a veflel filled with fand is interpofed be- 
tween the fire and the evaporatory veflel. The 
heat is in this cafe communicated more flowly 
and gradually i and the veflels^ which would 
otherwife have been broken by the immediate 
application of the heat, are enabled to refift 
its force. The heat is at the fame time more 
equally kept up; the refrigeration is more gra- 
dual ; 
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dual ; and the operations are performed with a 
greater degree of order^ precifion, and facility^ 
If, inftead of employing a veffel filled with 
fand, vft ufe a veffel of water, and the cvapou 
ratory velfel be plunged in the liquid, the eva- 
poration h faid to be made on the water bath : 
in this cafe, the fubftance to be evaporated is 
only h^ted by communication from the water^ 
This form or method of evaporation is em- 
ployed- when certain principles of gr«it volati* 
liry, fuch as alcohol, or the aromatic principles 
of plants, are to be extradted or diftilled. It 
pofleiles the advantage <>f affording pt'odudis 
which are not changedby the fire, becaufe the 
heat is tranfmitted to them by the intervention 
of a liquid : it is this circumfiance which ren- 
ders the procefs valuable fdr the extraiftion of 
volatileoils, perfumes, ethereal liquidsl,&c. It 
poffeffes the advantage ^affording a heat near^ 
ly eqiial, becaufe the degree of ebullition is a 
term nearly conftant ; and this llandard heat 
may be graduated or varied at plcafure, by add-, 
ing falts to the liquid of the water bath, becaufe 
this fingle circumftance renders the ebullition 
more or lefs quick and cafy. The fame efie(ft 
may likewife be produced by reftraining the 
evaporation ; for in this cafe the liquid may af- 
fume a degree of heat much more confiderable, 

as 
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as is feen in the digefter of P^in^ fleam en^ 
gines^ eolipiles^ and the boilers fori flriking 
the red tinge in cotton. 

Sublimation differs from evaporation, be^ 
caufe the fubftance to be raifed is folid. The 
velTels ufed in this operation are known by the 
name of fubiimatory vellels, Thefe are coitx^ 
monly globes terminating in a long neck : they 
are then called mattraifes. 

In order to fublime any fubftance^ a part of 
the ball of the mattrafs is furroundedwith land» 
The matter which is volatilized by. the heati 
rifes^ and is condenfed againft the coldeil part 
of the veflcl 1 where it forms a firatum or cake, 
that may be taken out by breaking the vefiel 
itfelf. lathis manner it is that fal ammoniac, 
corrofive fublimate, and other fimilar produ<5ts, 
are formed for the purpofes of commerce. 

Sublimation is ufually performed either for 
the purpofe of purifying certain fubftances, 
and difengaging them from extraneous matters; 
or elfe to reduce into vapour^ and combine 
under that form^ principles which would havt 
united with great difficulty if they had not been 
brought to that (late of extreme divifion. 

II. The reverberatory furnace. — The name 
of the reverberatory furwcc has been given to 

that 
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that conltrudlion which is appropriated to 
diftillation. 

This furnace is compofed of four parts. 
I. The alh-hole, intended for the free paflage 
of the air, and to receive the afhes or refidue of 
the combuftion. 2. The fire-place; feparatcd 
from the afh-hole. by the grate, and in which 
the combuftible matter is contained. 3. A 
portion of a cylinder, which is called the la- 
boratory, becaufe it is this part which receives 
the retorts employed in the operations or dif« 
tillations. 4. Thefc three pieces are covered 
with a dome, or portion of a fphere, pierced 
pear its upper part by an aperture, which af- 
fords a free paflage to the current of air, and 
forms a chimney. The moft ufual form of the 
reverberatory furnace is that of a cylinder ter- 
minated by a hemifphere, out of which arifes a 
chimney of a greater or lefs length, to produce 
a fuitable degree of afpiration. 

In order that a reverberatory furnace may 
be well proportioned, it is neccflary, i • That 
the afh-hole (hould be large, to admit the air 
frelh and unaltered, 2. That the fire-place and 
laboratory together fhould have the form of 
a true ellipfis, whofe two foci fiiould be occu. 
pied by the fire and the retort* In this cafe al] 

the 
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the heat, whether dircflr or refleftcd, will 
ftrikc the retort. 

The revcrberatory furnace is iifed for diftil- 
lation. Diftillation is that procefs by which 
the force of fire is applied to difunite and fe- 
parate the feveral principles of bodies^ accord- 
ing to the laws of their volatility^ and their 
feveral affinities. 

Diflilling veffels are known by the name of 
retorts. 

Retorts are formed of glafs, of ftone-warc, 
ofporcelain^ or of metal; thefe fubftances being 
refpedttvcly ufed, according to the nkture of 
the bodies intended to be expofed to diftillation. 

Whatever be the nature of the material^ the 
forms of retorts are the fame. This figure re- 
fembles an egg^ terminating in a beak or tube, 
which diminifhes infeniibly in diameter^ and 
is (lightly inclined or bended. 

The oval portion of the retort, which is call- 
ed its belly, is placed in the laboratory of the 
furnace, and is fupported upon two bars of 
iron, which feparate the laboratory from the 
fire-place ; while the beak or neck of the re« 
tort ilTues out of the furnace through a circular 
aperture formed in the edges of the dome and 
of the laboratory. 

A vcffel intended to receive t^e produ<St of 

I the 
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the diftillation is fitted to the neck of the-re-* 
tort. This veflcl is called the recipient, or 
receiver, . 

The receiver is commonly sv fphere with two 
apertures ; the one of confiderabk magnitude, 
to receive the neck of. the fetort 5 the other 
fmaller, to afford vent for the vapours < This 
part is called the tubulure of the reCeivcf:; 
whence the tdrms tubulated receiver, or re- 
ceiver not tubulated, &c. 

Though the reverberatory furnace be parti- 
cularly adapted to diftillation, this Operation 
may be performed on the fand^bath ; and here^^ 
as in Mother cafes, it depends fingly on the 
intelligence of the artift to vary his apparatus 
according to the neceflity of . circumftances, 
and. the nature of the fui>ftances upon which 
he operates. 

The conftrudtion of thcfe furnaces may like- 
wife be varied; and the chemifl: will find it 
jieccffary to learn the art of availing himfelf of 
every apparatua he poffeffes, to carry his opera^ 
(ions into execution : for if he fhould perfuade 
himfelf that it is impoflible to proceed in 
chemical refearcb, excepting in a laboratory 
J>rovided with all fuitable veflels, he may let 
the moment pafs in which a difcovery might 
be made, but which may not again return » 

And- 
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And it may be truly faid, that he who treads 
fervilcly in the paths of others who have gone 
before him, will never attain to the difcovery 
of new truths. 

*III. The forge furnace. — The forge furnaces 
is that in which the current of air is determin*^ 
ed by bellotws. The afh-hoIe» the fire-place, 
and the laboratory are here all united together; 
and this afiemblage forms only a portion of a 
cylinder, pierced near the^ lower angle by a 
ImaU hole, into which the tube of the bellows 
enters. This part ia fometimes covered with & 
hemifphere or dome, to concentrate the heat 
with greater efficacy, and to refle«% it upon 
the bodies expofed to it. The forg^ furnaco 
is eniipiayQd in the fbfion and calcination of 
metals, and generally for all the operations 
which are performed in crucibles. 

By crucibks wre underhand vellels of earth 
or metal, which are almoft alw^s of the form 
ef an inverted cone. A crucible ought ta 
fiipporrthe ihrongeiV heat without melting 9 
ii: ought to. refii]t the attacks of all fuch agents 
as are expofed to heat in veffels of this. Idnd^ 
Tho& crucibles* which poflefs* the greatelt 
dsgjxe o£ perfedtion^ are made in Hcfie. ot in 
Ho^ttd* I have made very good 4>i»es by a 

mixcuce 
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mixture of raw and unbaked clay from SalavM 
in the Vivarais. : * 

Our laboratories have been provided with 
crucibles of platina, which unite the moft ex-i^ 
cellent properties. They are nearly infufible, 
andat the fame time indeftrudlible by the fire. 

The feveral earthen veffcls concerning which 
r^e have here treated, may be fabricated by 
hand, or wrought in the lathe. The firft pro- 
ceeding renders them more folid, the clay is 
better united,/ and it is the only method ufed 
in glafs manufa£iories ; but thefecond method 
is more expeditious. 

The agent of fuch decompofitions as are 
cffefted by means of furnaces, is fire. It is af- 
forded by the combuflion of wood, pit-coat, 
or charcoaK 

Wood is only employed in certain large 
works ; and we prefer charcoal in our labora- 
tories, becaufe it does not fmoke, has no. bad 
fmell, and burns better in. fmall mafles than, 
other, combuftibles. We choofe that which is 
the moll fonorous, the drieft, and the leaft 
porous. . • . . 

But, in the feveral operations we are about 
to defcribe, it is neccffary to defend the re- 
torts from the immediate adlion of the fire ; 
and alfo to coerce and reftrain the expanfiblc 

vapours. 
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v&pours^ which arc very elaftic, and frequent- 
ly corrofive. It h to anfwer thefe purpofes 
that various lutes are employed. 
' !• A glafs retort expofed to the adlion of 
the fire would infallibly break, if the operator 
Were not to have recourfe to the prudent pre- 
caution of coating it with earth. 
- ' I have found it advantageous for the coat^ 
ing of retorts, to ufe a mixture of fat earth 
and frefh horfe dung : for this purpofe, the fat 
earth is fuffered to rot for fome hours in wa- 
ter ; and when it is moiftened, and properly foft- 
ened, it mufl: be^kneaded with the horfe dung» 
&nd formed into a foft pafte, which is to be ap« 
plied and fpread with the hand upon every part 
of the retort intended to be expofed to the 
zjQiion of the fire. The horfe dung combines 
feveral advantages. - i. It contains a ferous 
fluid, which hardens by heat^ and ftrongly con^ 
neds all the parts together : when this Juice 
has been altered by fermentation or age, the 
dung does not polTefs the fame virtue. 2. The 
filaments or (talks of hay, which are fo eafily 
difttnguilhcd in horfe dung, unite all the parts 
of the lute together. 

Retorts luted in this manner r^ft the im- 
predion of the fire very well ; and the adhefion 
of Che lute to the retort is fuch, that even fhould 

the 
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the retort fly during the operation^ the diftiU 
lation may be fliU carried on> as I have daily! 
experience in works in the large way. 

2. When it is required to coerce or oppofc 
the efcape of the vapours which are difengaged 
during any operation^ it is no doubt fufficient 
if the joinings of the veflels be covered with 
. paper gluedon^ or with flips of bladder moift- 
cntd with the lute of lime and white of tg^, 
provided the vapours be neither dangerous nor 
corrofi ve ; but, when the vapours arecorrofivc^ 
it isacceffary to ufe the fat lute to retain them« 

Fat kite is nmde with boile^ linfeed oil mix- 
cd and weM incorporated with lifted clay. Nut 
oil, kneaded with the fame clay, forms a lute 
poflcfling the feme properties, it is eafily tx^ 
tended in the hand, and is ufed for defending 
the joinings of veflels, upon which it is after* 
•^4|l^rda fecured by ftrips of linen, dipped in the 
\Mt of lime and white of egg. Before the ap* 
plication of heat in any diftrllation, it is necef<# 
fary fiidl to fufFer the lutes to dry. Without 
this precaution, the vapours would rife and ef* 
cape 5 or otherwife they would combine with 
the water which moiftens the lutes, and would 
corrode and dcftroy- the bladder, the (kin, the 
paper, and in a word evtoy fubftance ufed to fo^ 
cure them in their placA. The tote crflime and 

white 
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white o£ieggidri*a, VJCEjfifpeedily, ,andt,npttft> be 
.ufeditbe motnent tt.i? Rl^xle. rThis,lutftj UtMe- 
.wife;, oppbfes tbc; greiaiteft refilftanCQ |ei.£he^&. 
c&pcof theyapoiffli a^cl adjierp?. titf pj^ incft. 
jmacejy:? $0 th^ gWf ^ It^ is made by nn lying a 
.fixM^UiaMWtity Qf flH^fiy-powdcred quick-lime 
\yith\yfei?€to/egg, ^pd aftcrwarcfe beating up the 
-lnixt^fe to facilitate thq combination. It .muft 
thai be jnd^tlyfappliefl on, pieces of old iin^i^^ 
to be 'wrapped rpund:the places of joining. , 
. Jn th^; large 'Works^ ^b^? ^^ is not pofTible 
to jatte^d^^o all -tli^fffe^nunutp details^ the join- 
ings pf^he retort, and. recci^ver are Jutc4ii;ogp- 
thei ;W^th( t))e fame lute wh^ch is ufed.tq coat 
x^Cr rf^i}ts. A) coyjcring of the thicknefs of a 
icwj;nef M fufficicnt to preycni; the.yajpoursof 
the n\ariue pr nitjrous acid frojn efcaping. c 

As in certain operations a dif^ngagement 
take3 pl^c 5>f ib prodigious a quantity. of v^« 
.gpqrs,r that it is dangerous to confine then? ; 
jipdas,.oa the other hand, the fufFcring them to 
cfcape. would occaiion a conliderabli;; jofs in 
thcprodudt; an apparatus has been contrived 
of gr.eat ingenuity and fimplicity to moderajtc 

thciffue, and to retain without rifle. fuchva- 
. ■ • .* 

pours as would otherwife efcape. This app^ 

nm% is known by the name, of its author., Mr. 

Woulfe, a fj^mousJEnglifii chemift. . iiismolt 

Vol. !• C excellent 



€«cellent pirocefs^ i:€mfi(tirin aKkptin^; the ekU'e^ 
^rmty of a rccw ve* tubib to thfe tubukre of tht 
receiver j the othef end d^f vrhtch isplunged in. 
to water, in a bottle half filled^ and propeyfy 
placed for that purpofe. From the cnftpty pait 
of this bottle ilTue^ a fecond tube^ whteH is ifi 
like hianiier pdiuhged ih tht water of ^^ fecond 
bottle, -ft riiimbei' of other bottleik mtf bfc 
added; dbTfcfvihg * the fam4^:preea1Stioh$ * l^rith 
the attention J neveiftheiyi, telcavethfe laft op^te^ 
td give a free c;fcaj[>e to the Vaij[)€^» which are 
not coerci?blc : and> when the appanltus^iS thtiii 
diipofed, all the joitiiiigs arc to be lut^d. .ft 
Will eafll]^ be imagined that the vaJ>ouw -whidBi 
cfcape from the r^tdrt are obliged to • piafe 
through the tube adaptfcd to the tobtrtare Of the 
recervcr/and confequently miift pafs thrbugh 
the water of the^fiVft bottle : they therefore 
fufFera firft reififtjtnce, which partly cohcfenftil 
them. But as almoft all vapours are mttt oii 
lefs mifcible ancj foluble in water, a calculation 
is previoufly miade of the quantity of water 
neccflary to abforb the vapours which are dijfl 
^engaged from the' mixture in the retort; and 
trare is taken to diftribiite this proper quantity 
of water in the bottles of the apparatus* 

By this means we obtain the pureft arid moft 
tronccnttatcd produtftsj becaufcr the water, 
^' • ' ^ which 
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vktch y al]0rayir the receivei', and is the Yehialc 
oCthefe fubftances^becomes faturac^dwith thenf • 
Qfrbfcre is^ perhaps; no other method of obtain^ 
ili|^produ6ls always of an eqtml energy^ and 
dmitapafible in their efFe^ % a etrcumftance jof 
thej^e ateft importalnce in the operatioiispf th^ 
arte/^as ■ well as- in philofophical eicperit^rientj^. 
* ifibliarTeappUed this apparitii^ to works in |)k 
largb^fpay. ;^ and I ufe it to extr^dl the commoa 
iMfcriatic acid^ - the oxigen^ted knuriatic acid> 
aifamoftkcjoi' volatile alkali^ 8(c. , 
- >! Ay it wobkl very often bapjp^, irt thi^ srppa- 
niiH{j tliatthe jprcffiire of the external air would 
kwA Che iratcr of the outet veiOsls top^fs into 
bitt ^rBCciver^' in confequen9e of the fimple re- 
ftigcriitioh of the retort ^^this'lnneqav^nience has 
iifeikobiTiated^ by infertiitg a ftrai^ht tu))e into 
tfac! Betrks of thct,flril ahd the fcicond boctles^ 10 
&ciila d^ptfa^ that its lowerendis^ plunged into 
the water, while its other end rifes fevtt'al inqh^s 
aftoT^ the «neck of the bottle. It^ may eafily be 
osscdired, as a eonfcquence of^hl^i^fpofition^ 
^thaC'wfifcn the dilated vapours of the receiver 
:»hdJXifcorr are iondenfed hj^cooii^g, the exter- 
.]ia}^f irwiU rulh: through tJh^fe ti»^<$ tpeftablifli 
^fie;JO^Hbriuib.j aifed the .wai^r. cannot p|j^ 
-ft^OT/tliQ one tio, th4 other* , r . - ' 

t.nflMpffediB iAvijIatioiYof tktis^ppdmtNVit wai 
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ufual to drill a hole in the receiver; Mrhicbwiaf 
kept clofed^ and only opened from time to time 
for theefcapc* of the vapours- This method 
was inconvenient in many refpe'ds. In the firit 
i^atlfi and principally/ becaufe^ in fpite of all 
|)itca\itions/ it was attended -with the riik^ of 
aii explofioii every moment, by the irregular 
ffiferigagemenf of the vapours, and the impdfli* 
bility of calculating the quantity prodvcedinji 
giV A tim^« A iecond inconvenience was, thtt 
the vapours which thus efcaped occafioned a 
c'dniideVable lofs intheprodud:; and even weak- 
ened the remainder ; becau(Hchis volatile.prin.. 
ciplc confifted^of the ftrongeft^ptTi; -. Athml 
•iiitdnvenience Vas, thap. the vapours which did 
*3cape incommoded the artift to fuch a degreed, 
that it was Ifnplbffible to perform moft of the 
*dperatibns of-GhfcmiftiT' in th& couife of a toci. 
cure, where a^bbfifidei^le number of audston 
were prcfent.<^ * » •. . ^.; ^ , . ., . 

--'l^hus it Is "that -the apparatus of .WoaUe 
iirfttefii a niknber 'of advaittages^ on the one band^ 
«6hotty-in thd^ proceflbs, and fuperibrity in 
the produ^V oiv the. other hand, fafety iorltbc 
^'chemift'ahd MsT afliftants.:: and,, in every* point 
•i)f vieWy the^ author is entitled io the bcftac. 
knowledgmcnts of chemifts;:who weretoac^. 
ten fo iiiucfaL^ffcaed witbtbefci unwhol^mc 
• -'-^ - ^ exhalations^ 
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exhalations^ that their health was either totally 
deftroyed, or they fell abfolute vidlims to their 
zeal for the promotion of fcience. 

It is neceftary that a laboratory (hould be 
provided with balances of the utmoft accuracy ; 
for the chemift; • who very frequently operates 
only upon fmall " quantities^ ought to be able, 
by the ftridlnefs of his operations, and the ac- 
curacy of his appaifatus, toproduccrcfuitscopi- 
p^uable with thofe 6f^ -works in the large way. 
It frequently happens that the fitnple eflay of 
a fpecimen of an ore determines the opening 
of a mine: and itfcarcelyneed be pointed out, 
of how great cohfequence it is to remove every 
caufe of error from the operations of chemif- 
try ; fince the flighted error in the works of 
the laboratory may be attended with the nioft 
unhappy confequences, when the application 
©f the principles is made to works ip the large 
way. 

We fhall treat of other veflels and chemical 
apparatus, in proportion as we Ihall have occa- 
cafion to malceufe of them ; for it appears to us 
that, by thus connedling the defcription with 
their ufe, we fhall fuccced better in rendering 
them intelligible to the reader, at the fame 
time that his memory will be lefs fatigued. 

spc- 
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Gonceriimg ^he Qe^aeral Law whicl^ tends 
tq bring the Particles of, Qpclies toge- 
ther, 9^ to maintam them in % State 
of Mixture or Combination. 

• ■ ' 'I ... . . , , , 

T|iE Supreme Being has given a force qf 
mutual attradion ta the particles of mat- 
ter ; ^ principle which is sUqp^ fu^^cicnt tQprq* 
. 4uce that arraQgement which the bodies ^f thjs 
UAi v^jfc prefent to our phfcryation. A? a y^y 
l^nwiral confcqpcnce pfjthw pritpor^iftl layr^^At 
follows that the eleipenti? of bodies muft h^^ye 
been urged towards each other; that mallAS 
iiii3i(l: h^ivc been fpf med by th^ir re-union j and 
that iblid and compadl bodips muft ^lave ia- 
fenfibly been conftituted; towards which, as 
towards a centre, the lefs heavy and lefs com- 
padt bodies muft gravitate. 
. This law of attrafUon, which. the chemifts 
<j:a11 Affinity,, tends co;itii^ually to liringpfinr 
ciples together which are difunited, and retains 
with ifnoreor lefs energy thofe which are already 
.in combination ^ fo that ^t is impoflible to pro- 
duce any change in ijiatur?, without interrupting 
or modifying this att radii ve power. 

It 



c, : U. Hinjitundi (heEefofe, ^nd est^ ukUfpeqia- 
ble jttii»t wp IhottW ^ak of th? l»w <rf:t^ ^ffir 
^^ Iiefores we prwc<cl to tre^,:.^f,fih$ fl»r 

Affinity U e^ef c^Ced eitjicr l^etween princir 
ple8 pf th^ fanie. n^euxe^ or l?ecwec9 princlf les 
lof a dif^tx^nt' na{ure. 

^ WeiWK* therefore, diftinguifh tvp^lf^in^^'pf 
*ffii^i|yi iwr.ith^wfp^^ tQ^>ihe wtur^. pf .;bo4ieif 
jj. Thc;ai5!>ity <rf" ^gp-egation, cff th^f wMj* 
MHfti^ JKtive^gt tmo principle*^? tixe rfeimci i||fc>- 
iCurc. 3* TM.^flioitjr c^ cpmpofitip}H oc>tbjE^ 
which reckon, two or noore pri^cipjc^ ojf iii|F<^ 
r^nt naturc$ i^ a ftajDe ^ combination: . 
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Of the Affinity of A ffCTcgadon. 

. Two dik>ps of <w»ccr which mnite together \nr 
fo ont» fyrm ^n stggregate, of which each drop 
jus kaown^by |^ j^ame of ai^ integrant part* 

An aggregate ^i^^$ frooi a heap ; becauf^ 
<hc; iiiiCegifaBt. part* .of thiai Jaft have no pc;rcepr 
tible adhe^on to each other;: a^ fojT ei^arople;^ 
* heap\of.byley. of fafid^ &Ce 
, An; aggreg«€,.|(pd ? heap, dijSer frong^ji 
mixttwcf b^caufe.theconftituent pafts ofthif 
iaft ^fe of a diffcrc^j: joaturej^?, /ojtc^jainplcj 
jin^Dn-^powdfsr; ■ .-■ ^ 

The afiinityof aggrcgajtioni$<itroogier» the 

nearer 
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nearer *Ke ?ftifegrarit parts approafch te fetch 
otlferj' ftTthac fevery tiling which tcilds to fc- 
paritic w 'itmovc/ thefc intiEgrant parts from 
each other^ diminifhes their affimty^'and weak-^ 
chsfithiir'fdrcfe of cohefion. - 
-^ijii^Sii^odiflee&'thts cflfedfe^jpon rrtoft knoWii 
bodies: hence it is that 'riddled metals have 
iio^ebrtfiftcflce. The caloric, or matter of heat, 
by tonibinifig^ with bodies, alniofl always pro* 
^dc<es ah'efFed: oppofiteto the force of at trac- 
tion ^ahd We might confidcr OQlrfel VC& as autho- 
^(ed to affirm ti}St it is a principle of repulfion, 
if fdund chenaifti^ had' ttdSpW^^ed' that iipl'Ow 
duces this dffecaonly by its endeavour to com- 
bine with bodies, and thereby neceflarilv dimi- 
nifhihg tlieir force of aggregation, as'all other 
<?heinidal;agettfg Jdo* • Beiides which,- the^ex- 
tttihi levity !6f ciloj^ic-prdliUi^es the^cffeiS that, 
wheh it'it; cpmbiiled with Any 'given body, it 
continually tends to elevate it, and to overcome 
that force which-retains it, and, precipitates Jit 
t^owardfe the earth. .- ' t. -•? 

The mechanical operatibhs .of ^pounding,- of 
•lian>mcr4ng',%r 6f cutti-ng/iike^red^lniffi the 
HfHrnty^f aggrcfgiatidn.' -Thej^' Remove the in*- 
tegrant partis to a diftahce from each other } and 
this new difpofition, by prefentinga lef&degftc 
'^radhejtefiilalki'^ l^ttf«"furffe facilitates the 

•^ * immediate 
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immediate adlion, and augments the energy, of 
chemkal agents. It is for this pui^pofe that bo- 
dies are divided when they are to be anaiyfed, 
and that the efFeift of re-agents is facilitated by 
the adlion of heat. 

The mechanical divifion of bodieis is more 
difficulty the ftronger their aggregation. 

Aggregates exift under different ftates; they 
are folid, 1 iquid, aeriform^ &c •—See Fourcroy *« 
Chemiftry, 

Of the Affinity of Compofition. 

Bodies of different kinds exert a tendency or 
attra<flion upon each other, which is more or lefs 
(Irong; and it is by virtue of this force that all 
the changes of compofition or decompofkion 
obferved among them, are effedted. 

The affinity of compofition exhibits invari- 
able laws in all the phenorhena'it c^ofes^.'^ We 
tsi^y date thef0 laws as generalprincr|)lcs/ to 
M^hich m?iyibe ifeferred all theeffiwas^plrcfcnted 
to our ob&rvation by the adiion of bodies up« 
on each other. '• r ' 

I. The affinity of compdfition a<fls-dnly be» 
Vff%tti the confl:ituent part^ of bodies. . 

llie general law of attracRiion i^ eillreited upon 
the mafiesf and in this refpe<ft'4ti differs from 
the law of tlie affinities; jwhich does not^p^rdep^ 

tibly 



rib|y aiQ-but oq the elemcntgry/pmiclestrffeftf 
dicis. Tivi^ bodies placed rtear each other dQ 
poif uaite; but, if they :he divided and. mixcd^ 
acondbtixiatiiQEnwimy arife# We h^ve examples of 
this when the muriate of foda> or common falt^ 
is triturated with litharge i the muriate of am^p 
moniac, or common fal ammoniac, with liitt^^ 
&c« And it may be affisrted, that the ejnergy of 
the afiinity of completion is almoft aiAvaysLpcf9« 
portioned to the degree of the di vifion of bodieSf 
II. The affinity of compofition is in the in- 

t • . 

verfe ratio iHF the affinity pf aggregation. 

It is fo much the more difficult to decompofe 
a hody>.as its conftitjucnerprinciples are united 
or retained by a greater iforcd.' Gafes, ftn^ ef? 
pcciaUyveppurs, eontinually tend tocombinaT 
tion, becaufe their aggregation is weak i and HA^ 
ture, which is conftantlyriienewing the produc- 
tions of tbi&uiilver£e» never combines folid ^ith 
folid;' but,.fQdueing every thing into thi? form 
^tf.p^^i^yi'lbitiinfltns breaks the feis^pfidirocws 
of ^ggts^^ioDiri^nd thefe gafos uniting togev 
ther, form folids in their turn. 

Henoe^ no doubt^ it arifes, that the affinity 
of comppfitipn i« fp much th^? more jftrpngiv 
JPtP^iOi^pf 9^h nearei».to the clenacntary ftfte ^ 

iipd:Mfr;ihaibpbferye> on this fAibj^<a,.that tto 
Jl«w of .n^jtvce ift foundoi in wifilotn *. for if xkt 

force 
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force or affinity of compofition did not increafe 
in proportion as bodies were brought to t^isde- 
gfte of iimplicity ; if bodies did not alTume a 
decided tendency to unite and combine^ in pFo« 
|>ortion as th^ey approach to their primitive or 
elementary ftate ; the mafs of elements would 
continually increafe by thefe fucceffi ve and un« 
interrupted decomppfitions ; and we fbould inr 
jfeafi}>ly return again to that chaos or copfufion 
of principles^ which is fuppofed to have beea 
the original ftate of this globp. 

The neccffity of this ftate of divifion^ which 
u fo proper toinefeafir the force of affinity^ hat 
caufed it to be admitted as an inconteftableprin- 
cij^/ that the affinity of compofition does not 
take ^ace^ unl^s one of the bodies be in the 
fluid ftaie: forjxnra mn agunt nifi fint fluida. But 
it feems to me that extreme divifion might be 
fubftituted inftead of difiblution ; * for |both 
thefe opdi^ationB tend only to attenuate boditi», 
without altering their nature^ It is by^virtuc df 
this diviiipn^ which is equivalent tpdiflfblution, 
that the decompofition of mwiate of foda is 
^flhfted by trkuration with minium^ as ^etli^s 
thelAiion of cold and dry allcali wi^kh^nony', 
and the difengagisMent df volatlk alkali by the 
fimple mixture of &1 ammoniac wMi lime. 

II L Whdi'tWo or tihtore bodks unhe by 

, . . . « 
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the affinity of compofition^ their temperature 
changes. . 

This phenomenon cannot be explained but 
by confidering the fluid of heat a^s a conilitu*^ 
cnt principle of bodiie^^ unqqtualljr diftributed 
aiBongft thert; fo that, #h^n. any change ig 
produced Iti.bodies^ this iS^uid is difplaccd in 
its turn/ whi(ih neceifarily produces d: change 
of temperature. . We fhali return to thofe prm^ 
ciples when, we fpeak of hjcat, ' , 

IV. The compound which reflilts from the 
combination &f two bodies^ poflefles proper- 
ticss totally different from tfaoTe of its conftitUr 
ent principles. . v 

Some chemifts have affirmed^ that the prO-i. 
perties of compounds were intermediate be^ 
twtea thofe of their conflituent pacts, . Bu( 
this term ^< intermediate" has no meaning in 
the prefent cafe ; for. what intermediate qua-^ 
lities can exift between four and fweet^ or be^i. 
tween water and fire? 

If we attend ever fo little td the phenomena 
which are exhibited to us. by bodies in tt^^ir 
compofition^ we fhall perceive tj^at their fofm* 
tjieir tafte^ and their confiilence^ are changed 
in combination ; and we cannot eftablifh any 
rulp tp indicate, a priori^ all the changes.which 
iqay^firifcy ?nd the nature ^nd properties, of jhe 
body which ihall be formed. 

V. Every 



'."V.^Ev^ individual fubftancb hi)s its pecu^ 
ibtr^ffihities ivith the variou9 fubftaacfs pre^ 

If all bodies had the fame degree -o£affinttf 
'with'ta:ch otherj nd change could talcej^lace 
anwingfl: thenai:: we Ihoukl not. be able to dif^ 
fif^et^Xif principle by prefenting one body to 
Utorbcr^ Nature has therefore wifely varied 
ihcaf&nities^ and appointed to each body its re^ 
latipB^with all thofe that can be jprefented to it; 
.It is in confequence of this difference in the 
irffinitieft (hat all chemical decompofitions stte 
effis^ifd ^ iall the operations of natuf e and art 
are founded upon it. It is therefore of im>»- 
poitaoce to .be well acquainted with -all the 
jpbdhomena 2U^d circumflances which thisr law 
i>f d^compofition can prefent to us. 

The afiinity oif cpmpofition has received diffe- 
rent names, acciording to its effedls. It is divided 
intdr^mple affinity^ double affinity, the affinity 
of iininteiiniedium> reciprocal af^uiity^ Sec. 'S 
" i^Twct principles united together, and fepa«. 
laced by meads of a third, afford an. example ojf 
limpk affinity : it confifts in th^ diplacing of 
oDic principle by:the addition pf a third. Berg-- 
man has given it the name of Elective Attrac- 
tion. 

, The body which is difengaged, or difplaced^ 

il 



is known hf the name dfth& Precipitate*. An 
alkfllf f^i^cii^itdtes'tti^taisffoih their fo4i£tknnii 
the futphtiric acid precipitates the mUf intiivthik 

ttitric^^t; :- ■ \ h^-'\^ -^^ -.c\ [\:/-l 

the j^i^cipltate 11 n<rt dl v^ya fblrmtd b/ the 
difengaged fiibftaftce^ ^SometiMes tHe^^Htw 
cdm^nd itfelf is precij^itated i ub^ foremdyf 
|)k> wheh I pour the fulphuric of vitriolic^ neid 
0n a foitition of mtiriate of lime, ^ometimtl 
the difehgaged body and the netr compound 
are precipitated together} a&, for ^xaknple^ 
iphen ttve fulphate of magnefia of £pfMi f^ 
iidiflblvftd inwater> and precipitated bjrilMm 
€rf lime-wsiter. * ^' ■^'■^^'^'■ 

2« It often happens that the cotnpdond of 
tvro principles cannot be deClrbf ed mii<»' by 4i 
third or a fourth body fep&rrately applied ; lAst 
If thefe two bodies be united^ and placed in con* 
tadl with the fame compound^ a decompofidon 
or change of principles will then take j^lace. 
Thi^ phenomenon conftitutes the double siffini* 
ty. All e^mple Will render this propbfition 
more clear and precife. The fulphate of pot-a/(h 
eir Vitriolated tartar is not cempletely decom- 
^fed by the nitric acid or by lime, when either 
ttf Aefe principles id^ fdparately prefented ; but> 
if the nitric acid be combined with lime, this 
likme of lime ^iU decompof^ the ftilphare of 

pot-afh. 



{louafli. 1 In tbis^ laft cafe the affinity. <i£.the 
fulphuric acid with the alkali is weakened by its 
•affifti^ to the lime. This acid, therefore/ is fob- 
Jed to two attratftions; the dne which retains 
tt to the alkaK, and the other which attni(9:s k 
-towards the lime: Mr. Kirwan has. named the 
ifirft^ the Quiefcmt AlHnity, the other the Di^ 
incUem: Affinity . The fame may be iaid refpci^ 
ing the affinities of the alkali ; it isr rcftained to 
<fhe fulphuric acid by a fuperior force^ butne. 
V«rlKekft atttadfccd by tht nitric acid. Let us 
iup^fi^^ lidw, ihat the fulphuric ^cid ^dkerei 
^tf'Che^lkaltwith.i^ forc€ as 8^ and td the lime 
by uf6rct exprefled by the ftumbcr 6 ; that the 
nitric acid adheres to the lime by a force as 4^ 
Mid ttfids to unite with the alkali byaforceasy^ 
It ttiay then be perceived that the nitric acid 
and the Mme, feparately applied to the fulphatt 
otpbt-alh, would not produce any change: but 
if ^hey be prefenfed ih a ftate df conlbin^tioft^ 
the^ tfhe fulphuric acid is att#adled dA the one 
hind by ^^ and retained by 8; it has thei«fort 
-kn effedtive attnK^tion to the alkali ais 2. Ok 
the other hand, the nitric vkid isaftmdled by 
^fdfteas 7^ and retained bya^>iceaft 4^ it 
thirelfare retains a ttttdettcy tt uftite With tha 
alkaK, which is dtheted by ilhe nMnb^r st 
ind doniBquahtljr it cu^t t6 diTfAa^ thi^ iRkU 

phuric 
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phutic acid, which is retained only by afocce 
■as2i 

ji There arc cafes> in which two bodies, hav-r 
ingno perceptible affinity to each other, obtain 
adifpofition to unite by the intervention . of a 
third; and this is called the affinity of 2kn4m^ 
termedium* An alkali is thejhternfiedium.cif 
4inion between oil and water ; hence the theCK. 
ry of lixiviumsj of waihing, &c. &q. 
. If the affinities of bodies were well knpwn, 
i¥e might foretel the refults of all operations: 
but it is obvious how difficult it mult betoac*- 
quire this extenfi ve knowledge of nature ; more 
cfpccially fince modern difcoveries have exhi- 
bited to us an infinity of modifications, in oUr 
proceffes, and have fhewn that refults may, vary 
with fuch facility, that even the abfen?e or pre- 
fence of light will render them very different. 
Ap long as chemiftry was confined to the 
knowledge of a few fubflances, and was bufied 
only in attending to a certain number of fad:s, 
it was poffible to draw up tables of affinity, and . 
to exhibit the refult of our knowledge in one 
mnd the fame . table. But all the principles 
^ppn which thefe tables have been conftru&ed, 
have received modifications} the number of 
principles has increafed i . and we l;nd ourfelves 
junder.: the /nj^cen^ty, of labouring upon new 
\,, -.7 . ground. 
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ground. A ikctch of this great work may be 
fccn in the Eflay on Affinities of the celebrated 
Bergman, and in the article Affinity in the En^ 
cyclopidie Mctbodique. 

> VI. The particles which are brought toge- 
ther and united by affinity, whether they be of 
the fame nature or of different natures^ continu-« 
ally tend to form bodies of a polyhedral, con-> 
fiant, and determinate form. 

This beautiful law of nature, by which ftie 
imprefles on all her produdlions a conftant and 
regular form, appears to have been unknpwa 
to the ancients : and when chemifls began to 
difcovcr that almoft all bodies of the mineral 
l^ingdom affedled regular forms, they at firlt 
dillinguifhed them according to the inaccurate 
refemblance fuppofed to cxift between them 
and other known bodies. Hence the denomi- 
nation of cryftals in pyramids, needles, points 
of diamonds, crolTes, fword blades, &c. 

We are more particularly indebted to the ce- 
lebrated Linnaeus for the firll precife ideas of 
thefe geometrical figures. He took notice of 
theconftancy and uniformity of this charader^ 
and this celebrated naturaliil thought himfelf 
authorifed to make it the bafis of his method 
pf daflification of the injineral kingdom. 

\ Mr. Rom^ 4% ^M^ ^%^ proceeded fiiU far- 
Vol. 1. D ther ; 
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then he hadfubjeftcd all the forms to a ftrift: 
examination ; be has^ as it were^ decompofed 
them ; and is of opinion that he can diftinguifh 
in the cryftals of all analogous or identical fub- 
ftances^ the fimple modifications and ihades of 
a primitive form. By this means he has tt^ 
duced all the confufed and irregular forms tcy 
certain primitive figures; and has attributed ta 
nature a plan or primitive defigrt^ which ftie va- 
ries and modifies in a thoufand manners, accord- 
ing to circumfl:ariccs that influence her proceed- 
ings. This truly great and philofophical work 
has rendered this part of mineralogy in the 
highefl: degree imerefting; and if we fhould 
sidmit that Mr. De Lifle has perhaps carried 
thefe refemblancesj too far, we cannot but allow 
that he deferves a dfftinguilhed place amohgft* 
thofe authors who have contributed to the pro^ 
grcfs of fcience. TheCryftallographie of this* 
celebrated naturalift may be pcrufed with ad* 



vantage. 



Theabb^ Hauy has fince applied Calculation- 
tt> obfervation. Me has undertaken to prove 
that each oryftal has a nucleus or primitive form ;' 
and has fhcw&the laws of diminution to which' 
the component laminae of the cryftals are fub- 
jedt, in their tranfition frftm the primitive to* 
the fecondary - forms* The development t)f 

'• -'^cfc 



prtfittceiby Cryfiallizalion^ Ji 

thefo fine principles^ and their application to 
eryftals the beft known^ may be fcen in his 
theory of the ftrudlure of cryftals, and in feve^ 
ral of his memoirs printed in the volumes of 
the Academy of Sciences. 

The united labours of thefe celebrated na-» 
turalifts have parried cryfh^llography to a de-« 
gree of perfection of which it did not appear 
ibfceptible* But we fhall^ at this moment^ at- 
tend only to th? principles according to which 
eryftallization is effedlcd. ^ 

To difpofe a fubftance to cryflallizatioa^ it 
it necefikry in the firft place to reduce it to 
the nioft complete ftate of divifion. 

Tliis divifion may be efFeded by folution, or 
by on operation purely mechanical. ' 

Solution may fee efFeded either by the means 
of water or of fire. The folution of falts is in 
general performed in the iirfl: liquid^ that of 
metuls is efFeded by means of the fecond ; and 
their folution is not complete until a degree of 
h«at i^ applied of fufficienc intenftty to convert 
tiiem into the ftftte of gas. 

When the water which holds any fait in fo* 
ludon is evaporated, the principles pf the dif- 
fdived body are infenfibly brought nearer to 
each other, and it is obtained in a regular form. 
The fame circumftance nearly takes place in 

Da the 
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the folucion by fire. When a metal is impic^^ 
nated^ith this fluid, it does not cryftallize but 
in proportion as this txcdfs of igneous fluid 
iS withdrawn. • 

In order that the form of a cryfl:al may be 
regular, three circumftances are required; 
thhti a Sufficient fpace, and repofe^ ConfulC: 
Linnaeusi Daubenton/&c. 
, A; Timr caiifes the fuperabundant fluid to 
be flo^ly diffipated, and brings the integraL 
parts nearer to each other byiinfenfible grada--^ 
tion, and without any fudden fhock . Th^fc 
kitegrant parts therefore^ Unite according to 
their conijant laws, and form a tegular cryftal. 
Fox; this reafon it is, that flow evaporation is 
recommended by all -good chemifts. - Vidcf 
Stahl's Treatife on Salts, chap. 29*.* 
; .In proportion asihe evaporation of the ibt.-; 
vent is efi^efted, the principles of the diflblvcd, 
body approach each other, and their affinity is 
continually dugment.fcd while that of the fol-r 
vent remains ~unaltei:ed. Hence it arifes, nol 
doubt, that the laft portions of the folventar^ 
nioft difficultly vpfla.tilized, and that falts retiin 
a greater or lefs quantity, which forms theif" 
water -of cryljUliization. . The proportion of 
water of Qryftallization not Ojnly varies greatly, 
inthediifergn? faltSj.but it a^h^^i/ss \yith;g^-eat?5; 

or 
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W.kfs ftrcngth. There are fqnxe which fuffe^ 
Jthis water to fly off when they are expofed to 
jChe air ;. fudi as. foda-or theminera} alkali, the 
fyjphate of foda or Glauber's fait; &c. In^hi? 
Hcuation thefc- falts- lofc their tranfparencyi 
OTd fall into powder : they are then faid to havf 
efflcrrefced. There arc other falts which obftir 
nately retain their witer of cryftallizjation ; fuch 
is 'the muriate, of pot-afh, the nitrate of pot;, 
afli or common nitre, &c. v- 

. The phenomena prefented to us by the dif- 
ferent falts, when forcibly deprived of theic 
jvatcr of cryftallization, exhibit other varieties. 
Some crackle with the heat, and are thrown 
about in fmall pieces when the water is difli- 
pated: this appearance is called decrepitation^ 
Others emit the fame water in the form of fleams 
and arc liquefied with a diminution of their 
bulk. Others again; fvvell up, and become 
converted into a bliftered or porous fubftanccj 
We are indebted to Mr. Kirwan for an ac- 
curate table of the water of cryftallization con* 
tained in each fait. This tabic may be feen 
by confulting his Mineralogy. 7 

. The fimple cooling of the fluid which holds 
the fait in folution may precipitate.aconfider- 
able quantity. The caloric and. the water dif^ 
fol ve a greater quantity ofXalt ^wh^n their aftioa 
^*.. iQ 
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Is united ; and it mty eafily be imagined that 
the fubtrii£i:i5fi of 6nt of the folvents lAufl oe^ 
tafion the prtciptution of that poi-tion which 
it held in fblution. Thus it is that warm wta«. 
KT faturated with fait mull fufltf a part t6 
precipitate by cooling ; and for this f eafon cryw 
ftalli^ation always begin at the furface of tht 
liquid^ and on the fides of the containing vef«. 
fel ; fiamdy> becaufe thefe parts are the firft 
which fuffer refrigeration* 

\t is thfc alternation of heat and cold which 
Cau(bs the atmofphere to dilTolve fometimes a 
gtfcater, and fometimes a lefs quantity of water; 
and conftitutes mifts, the evening dew> &c. 

The mutual approach of the conftituent 
parts of a body held in foiution may be like^ 
wife accelerated by prefenting to the water 
which fufpends them, another body which has 
a ftrong affinity to it. It is upon this princi- 
ple that alcohol precipitates feveral falts. 

B. Space or fufficient room is likewife a con- 
dition neccflary for obtaining regular cryftalli. 
zation. If nature be reftrained in her opera- 
tions, the product: of her labour will exhibit 
fymptoms of this ftate Of conftraint. It may be 
afftrted that nature forms her pradu<5lions ac- 
cording to all the circumftanoes which may in- 
fluence her operations. 

C. A ftatc 



' C A ftate of repofe in the fluid is lik^wife 
nece&ry to obtain vtxy regular forms. Unia- 
ternspted agitation oppofes all fymnietrical ar- 
nmgement ; and in tbis cafe the cryftalUzation 
X^[>taiiied yf\\\ be confufed and indeterminate* 

I am perfuaded that, in order to obtain be- 
llies under the form of cry fialsj a previous folu^ 
tion is not necelfary^ but that a fimpie mecha-^ 
iiicai divifion would be fufficient. To obtain a 
convi<9:ion of this truth, it is only neceflary to 
obferve that Cblution does not change the na« 
ture of bodies, but limply procures an extrendc 
i^aite of divifion % €0 t)iat the drfunited princi- 
ples approaching each other very gradually and 
-without darts; catf adapt themfelves to each 
other, by following the in variable j^ws of their 
^avity and affinity. Now a divilion purely 
mechanical producer the fame effe£):, and 
places the principles in the fanne difpofition. 
We ought not therefore to be furprifed if moft 
ialts, fuch as gyp&m, when difperfed in the 
-earth, (houid aflfume regular forrhs without any 
previous fohition ; neither ought ^e to think 
it ftrange if the imperceptible fragments of 
quartz, ofipar, &:c. when carried along and 
prodigiously divided by the aiflion of waters^ 
ihould be depoiited in the form of regular 
cryilals* 

A very 
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* 

A very Angular property may be obfcrvcd in 
fal ts ; which may be referred to cryftallization, 
but is likewifc in fome meafure remote from it, 
ibecaufe it does not depend upon the fame 
caufes. This is the property of rifing along 
the fides of the veflels which contain the folu* 
tion. It is known by the name of Saline Ve* 
getation. 

I have firfl demonftrated that this phenonle- 
non depends on the concurrence of air and 
light ; and that the cffcd: may be determined 
at pleafure towards any part of the veffel, by 
managing and directing the aAion of thefe 
two agents. 

I have Ihewn the principal forms which this 
lingular vegetation afFedls. The detail of my 
experiments may be fecn in the third volume of 
the Memoirs of the Academy of Touloufe, 

Mr. Dorthes has confirmed my refults j and 
has moreover obferved that camphor, fpirics 
;of wine, water, &c. which rife by infenfiblc 
evaporation in half-filled veflels, conftantly at* 
tach themfelves to the moft enlightened parts 
of the veflels. 

;. Meffrs. Petit and Rouelle have treated on the 
.vegetation of falts ; but a feries of experiments 
on the fubjed.was wanting. This is what we 
have endeavoured to fupply. 
v-v A 3 EC- 
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SECTION II. 

• 

Concerning the various Means employed 
by Chemifts to overcome the Adhefion 
which exifts between the Particles of 
Bodies. * 



THE law of affinities^ towards which our 
attention has been diredted, tends conti* 
nually to bring the particles of bodies into con«- 
tad:^ and to maintain them in their ftate of 
union. The efforts of the chemiil: are almoft 
all diredted to overcome this attradlive power^ 
and the means he employs are reducible to— 
J • The divifion of bodies by mechanical opera- 
tions. 2# The divifion or reparation of the 
particles from each other by the afliftance of 
fol vents, 3. The means of prefenting to th^ 
feveral principles of the fame bodies, fubftances 
:which have a ftronger affinity to them than 
^ofe principles have to each ojther. 
. I. The different operations performed upon 
l)odies by the chemift, to determine their na* 
mrCj alter their fbrm^ their texture^ and even in 

fomc 
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fome inftanccs change their conftitution. All 
thefe changes are either mechanical or che- 
mical. 

The mechanic^ operations we Ihall at pre- 
fent defcribe do not change the nature of fub- 
fiances, but in general change only their form 
and bulk. Thefe operations are performed by 
the hammer, the knife, the peftlc, &c. Whence 
it follows, that the chemical laj^oratoiy ought 
to be provided with all thefe inflruments. 

Thefe divifions or triturations are perform- 
ed in mortars of ftone, of glafs, or of metal, 
it is the nature of the fubftance under exami- 
nation which determines the ufe of one or the 
other of thefe veflels. 

The objeft of thefe preliminaiy operations 
is, to prepare and difpofe bodies for new ope* 
rations which may difunite their principles 
and change their nature ; thefe lad-mentioned 
operations, which may be diftinguifhed by the 
appellation Chemical, are what moft eiTentiaU 
!y conftitut?e the analyfis. 

II. The folution to which we are at prcfent 
to attend, confifts in the divifion and difap- 
pcarance of a folid in a liquid, but without 
any alteration in the nature of the body fo dif- 
folved* 

The 
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The liquid in which the foiid difappears^ is 
odled the foirent or menftruum. 

The agent of foiution appears to follow ctr- 
tiin conftant laW8» which we ihall here point 
*ttt. 

A. The ftgent of ibiution does not appear to 
djiiitr from that of affinity ; and in all cafes the 
^lution is nrore or kfi abundant, the greater 
the a(&raty of the integrant parts of the folvent 
it to thofe of the body to be diflblved. 

From this prrinciple it follows^ that, to fact, 
litate foiution, it is neceflary that bodies (hould 
foe triturated and divided^ By this means a 
greater nurnber of &r£sices are prefented, and 
the affinity of the integrant parts isdiminifliod. 
' It ibmetimes happens that the affinity be- 
tween the folv^nt and the body prefented to it 
l)«s fo little energy, that it does not become ^ 
{3«rceptible till after a confiderable internal of 
time. Thefc flow operations^ of which we 
iMive fome examples in our iabontories, are 
common in the works of nature; and it is pro^ 
iMibly to limilar caufes that we ought to refer 
fnlbk of thoTe refults whofe caufes or agents 
efcape our perception or obfervaition. - 

B. Solution is more fpeedy in proportion as 
the body to be dilTolved prefents a greater fur- 
face : on this principle is founded the pradlice 

of 
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-'of poundings triturating^ and dividing bodies 
intended to be diifolved. Bergman has evexr 
"Obferved, that bodies which, are not attacked 
in confiderable maifcs^ bepome . foluble after 
minute divifion. Letters on Iceland, p. 4t l*» 
•: C. The foiutbn of. a body, eonftantly pro* 
duces cold. Advantage has even been taken 
of thi$ phenomenon. to procure artificial col<|^ 
much fuperior to the moft rigorous tOTipci:^'* 
ture evcrobferved in our. climates. We ihall 
again advert to this principle when we come 
to trc^t of the laws of heat. I 

The principal folvents. cmplpyed in our 
operjitions are water, alcohol, and fire. Bodies 
iiibmitted to one or the other of thefe folvent^ 
prefent fimilar phenomena ; they are divided^ 
jarefied, and at laft difappear : the moft rct» 
fradory metal melts, is diflipatcd in vapour^ 
and pafles to the ftate of gas, if a very ftrong 
heat be applied to it. This laft ftate forms a 
complete folution of the metallic fubftance in 
the caloric. 

" The eiFed: . of caloric is often united with. 
or>e of the other fol vents, to accomplifli a 
more fpcedy and abundant folution* . , 

'. The three folvents here mentioned do not 

* Von Troirs Letters, quoted by Bergman; T. 

. • • • * . ...-.; 
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cxcrcife aii equal adtion on all bodied indifcri*^ 
mkiately. Skilful chemifts have exhibited 
tablet of the dilTol ving power of thefe menftru^ 
urns. Wc may fee, in the Mineralogy of Kir- 
wan, with what care that celebrated chemift 
has exhibited the degree of folubility of each 
ialc in water. The table of Mr. De Morveau 
may likewife be confulted on the diiToUing 
power of alcohoU Journal de Phyfique, 1785. 
' Mod authors who have treated of folution 
have coniidered it in too mechanical a point 
of view. Some have fuppofed iheaths in the 
folvent, and points in the body'diffolved. This 
abfurd and gratuitous fuppoficion has appeared 
fufficient to account for the adion of acids upon? 
bodies. Newton and GafTendi have* admitted 
pores in water, in which fairs inigfat initnuate 
themfelves ; and have by this means explained: 
why water does not augment in its bulk in 
proportion to the quantity of fait it takes up« : 
Gafiendihas even Aippofed pores* of different 
fiBtrms ; and has endeavoured to fhew by this<; 
means how water faturated with one fait may 
dfflblve others of another kind. Dr. Watfon, 
who has obferved the phenomena of folution 
with the greateft care^ haa>concluded from his 
numerous experiments; i. That the water 
rifes in the vcffel at the moment of the immer- 
< ] lion 
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fion of the fair. s« That it hlh during the 
folution. 3. ThsCt it rifes after the folucioit 
above the original level. The iSnra laft e£fedi 
feem to me to arife from the'chango of temper 
rature whfch the liquor undergoes* The refri-« 
geration arifing from the folution muft dimi* 
nilhthe volume of the folvcnt; bu|: it oiighC' 
to return to its firft date as foon as the difibw 
lution is finifhed. The tables of Dr. Watfon 
refpedting thefe phenomena^ and the fpccific 
gravity of water faturated with different falts^ 
may be confulted in the Journal de Phyfique^i 
vol. xiii. p. 62*^ 

III. As the peculiar affinities of bodies to 
each other are various^ the conftituent princi* 
pies may be eafily difengaged by other fub^ 
ftances ; and it is upon this confideration that 
the a&ion of all the re-agents employed by 
chemiftry in its analyiis is founded. Sonie- 
times the chemift difplaccs certain principles, 
which he can in that flate examine more accu« 
rately^ becaufe infulated, and difengaged from 
^U their combinations. It frequently happens 
that the re-agent made ufe of combines with 
fome principle of the body analyfed ; and a 
compound arifes^ whofe charad:ers indicate 

* Or in the fiitb vol. of bis Cheroicja Efhys^ T.- 

10 



^ffe^s of Re^AgeMs. 47* 

to us the nature of the principle which has 
thus entered into combination, becaufe the 
combinations of the principal re-agents with 
various bafes are well known. It likewife fre- 
quently happens that the re-agent made ufe of 
is itfelf decompofed, which circumftance ren-. 
ders the phenomena and the prddudls more 
complicated ; but we are enabled from the na- 
ture Of thefe products to form a judgment of 
the component parts of the body analyfed. 
This laft fa<ft was little attended to by the an- 
cient chemifls ; and this is one of the princi- 
pal defers of the labours of Stahl^ who has 
referred moil of thofe phenomena to the bodies 
which he fubmitted to analyiis, which in reali* 
ty arofc only from the decompofition of the 
jDc^agents employed in his operations. 
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SECTION III. 

Concerning the Method of Proceedings 
• which the Chemift ought to follow in* 

the Study of the various Bodies pre-' 

fented to us by Nature. 

' » ■ . 

THE progrefs made inanyfcience.de-. 
pends upon the folidity of thofe princi- 
ples which form it« ba£ls> and upon the method, 
of ftudying thero. It is not, therefore, to be 
wondered at, that chemiftry made., but little 
progrefs in thofe times, when the language of 
chemifts was enigmatical, and when the prin- 
ciples of the fciencc were founded only on ana- 
logies falfely deduced, or on a few fads ill un- 
derftood. In the times which have followed 
this epocha, the fa£ls have indeed been more 
attended to ; but, inftead of fuffering them to 
fpeak for themfelves, chemifts have been dc- 
firous of making applications, drawing con- 
fequences, and eftabliftiing theories. Thus it 
was that Stahl, when he firft obferved that 
tnV rf-vitriol and charcoal produced fulphur, 

if 
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if he had then confined bimfelfi.tp th^ fimplc 
relation of the fadl, would have announced a 
valuable and eternal truth; ' but .when he ^on- 
eluded that the fylphur was prqduced by the 
combination of theinflannnab.leprihdpie of the 
charcoal with the oil of vitriol,: he ajQTerted that 
which the experiment does not point out.iithcn 
it was that he proceeded :furtiu?r than the. fads 
warranted ; and this firft' ra(b ftep might be a 
fitftftep towards error. All.doc3:rine> inprdcr 
to be lading, ought to confiftpf.the.purc and 
fimple expreflion of fadls : butijfe^jfe abnofk 
ialways governed by our imagin^tipns ; . we 
adapt the fadls to our jmakiner > of feeing them, 
and thus we are mifled byourfelves.. The pre- 
judice of felf-love afterwards furnilhes us with 
various means to avoid recantation ; we exert 
ourfelves to draw our fucceflbrs ipto the fame 
paths of error ; and it is not till after much 
time has been loft, after many vain conjedure^ 
have been exhibited, and after we have the 
ftrongeft convidlions that it is impoflible to 
bend the nature of things to. our caprices and 
unfounded ideas, that fome fuperior mind difen- 
gages itfelf from the delufion j and returning>to 
^experiment, and the n^tuteji^jr: things^ .fufFers 
himfelf to be led no further than he is autho^ 
rized by thcfe to proceed. 
r.VoL. I. E Wc 
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I 

We may ajfirm to the honour of (bme of our 
cotemporarics^ tliatfadts ar4S ^t prefent difcufled 
by a much feV^ercr logic j and it is to this vigo- 
rous method of invefiigation anddifcudion that 
we arc i^^debted for the rapid progrefs of che- 
miftryv It is ia confequence of this dialectic 
tnarch that we have at length arrived to the 
pracStice of attending to atl the principles whick 
are coinliitie^ or difengaged in the operations o£ 
nature and art.^ We keep an account of all the 
circumHances which have a more or lefs conli- 
derable influence on the refutes^ and we deduce 
fimpie and naturatconfeqiiences from the whole 
of the fadis ; 'by which means we create a fcience 
as ftM<5l in- its principles as fublime in its ap^ 
plications« 

This then is the moment to draw out afaith-^ 
ful Ikctch of the adual ftate of chemiftry, and 
tocoUedt in the numerous writings of modem 
chemifts every thing which may ferve to iay 
the foundation of this beautiful fcience. 

Not many years ago, it was pofTible to pre- 
fent, in a few words, the whole of our know* 
ledge of chemiftry. It was fufficient, at that 
time, to point out the methods of performing 
pharmaceutical operations ; the procefles Of the 
"arts were almoft all enveloped in darknefs, the 
phenomena of nature werQ all enigmatical; 

and 
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and it i& oaly fince this veil has begun to be 
removed that we have beheld the development 
of a colle^^ion of fafts and refearcbeg referable 
to general principles/ and forming a fcience 
entirely new. Then it was that a number of 
men of genius reviewed the whole^ and attend-* 
ed to the improvement of chemicaj knowledge. 
Every ftep in their progrefs brought them 
neisirer to the truth % and in a few years we have 
beheld a perfpicuoud do<Strine arife out of the 
ancient chaos. Every event has appeared con* 
formable to the laws they eilablifhed { and the 
phenomena of art and nature are now explain* 
td with equal facility^ 

But in order to advance with ipeed in the 
career which has been thus opened^ it is ne- 
ceflary to explain certain principles^ according 
to which we may direA our Heps. 

In the firft place^ I think it proper to avoid 
that tedious cuftom which fubjeds the beginner 
in any fcience to the painful talk of collecting 
all the opinions of various philofophers before 
he decides for himfelf. In reality^ fad:s belong 
to all times, and are as unchangeable as nature 
herfelf, whofe language they are. But tlie con-, 
fequences deduced from them muft vary ac- 
cording to the ftate of our acquired knowledge. 
It is eternally true, for example, that the com- 

E 2 buftion 
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Buftion of fulphur affords the fulphuric acM^ 
It was believed, for a certain time, that this 
acid was contained in the fulphur'; but our dif- 
coveries'bn the cOmbuftion of bodies ought to 
have led us to the deduAion of a very different 
theory from that which prefented itfelf to the 
earlier chemifts. We ought, therefore, to at- 
tach ourfelves principally to fads ; or rather 
we ought td attach ourfelv€s to the fadts only, 
Becaufethe explanation which is given of them 
at remote tinges is very f^ldom fuited to the 
prefent ftate of our knowledge. ' 

The numerous fadts \vith whicli chemiffry 
has been fucceflively enriched form the fim 
embarraffment of the ftudent who is defirous of 
acquiring the elements of this fcience. In fa6t, 
what are the elements of fcience ? The clear, 
fimple and accurate enunciation of thofe truths 
which form its bafis. It is neceffary, there- 
fore, for the full accomplilhment of this pur- 
pofe, to analyfe all the fadls, and to exhibit a 
faithful and clear abridgment : but this me- 
thod is impracticable on account of the nume- 
rous details, and the infinite number of difcuf- 
fions, into which it would lead us. The only 
proceeding, therefore, which appears to me to 
be pradlicable, rs to exhibit the moft decifivc 
experiments, thofe whjch are the leaft conteft- 
■ ' cd^ 
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4^, iHfid ta?ilegle(3: thofe which »re (fe^b.tful or 
tACpnciUii vej : /for .one .eKperiment?, well pi^de^ 
eftabli&cs a truth .as i^contciftably 9s a thpuy 
i3md..€qually averr<2!d.,'.' . . ^-; .. r - : j 

WheaapropQfij:ton is founfi tp J^.fuppprtp4 
by £ufpidoiu5^ or conteftcd fad^^^ywh^n pppp^. 

fite theories are buUt upon contradidlory.^xpcr 
Timehts,rwP <nuft: hav^ the c^ourage tO;c)ifcu£$ 
then^/.to rep^t;;5henni, and to acquire a certain-, 
t^irfj the truth by pur. own endeavours. Bot 
when this method of conviAion is ouf pf pUlr 
power, we ought to weigh the degree af:cpnfir 
dence which the defenders, of Jthe^ pppofice 
fa^fU are entitled to ; to examine whether ans^r 
l^goMS f^cts dp tif^ lead us tp adoptrcertain re* 
■iuJts;:Mtef which it becomes vi& to give our 
ppiaipn ivith tbatmodefty anc^circumfpedipn, 
fiiitable tp the greater or Jefs degree of proba-r 
bility annexed to eacjh opinion. 

But when any dpftrine appears to m% to be 
eftablilhed on ej^perirpents of fuffiaient validir 
ty, it then remsUns to be applied* to the. phenpr 
mena of nature ^and 4rt» This, in ,my; opinion^ 
iathe moft certain to^ch^one todiftinguifhtrup 
pri^iqiples ffop^phpfe which ^rq^y^thput foun- 
dation. And wben^I pbferye that all th^ phfr 
nomena of nature ynite> and cpnform therpr 

fe}ves« 9s,'i% were, pai^y theory^ I;cq^cludt*^^^( 

jhis 
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t^Ls tb^c^rf is the etprcflion and the latijpuige 
of truth. Whett^ ftw exawiplc, I behcdd that 
» plan€ t^txi f>ei^>ported by pure watejr alom^^ 
^hat metals are calcinable^ that acid^^ are fbrmeil 
{A Dhe bowels of the earth/ have l^iiot a i^ight to 
eoQClude that the water n decompofed } and do 
AM the chettiflcal fa^s whi4:h in our labor^KCoriec 
•Hon) ateftimonyof its decompofitipn^ — donoc 
thefba^quireaMw force by che obfervatiH^n of 
Ihe preceding phenomena ? I cpniclude^ ther(^ 
f^tti th^t we ought to make apointof tuiiiting 
thel4^ ttro kindls of prooj^': and a principle de*- 
dut^ firoint eitperimeiit i$ not^ in my opinion^ 
demdni^ralble, until I fee that it ms&y with fa- 
cility be itplptied to the phenomena of art ;u)d 
natiu^. Ifence, if I find myfelf in a ftatdof 
hefitatipn between oppofloe fyftems, I Will (te*. 
' cide i*n favour of that if^hoft principles and ex- 
periments adapt themlelvcs naturally, and 
without for<:e> to thc'gfeateft number of phe- 
nomena, I wUl always diftru/t a fingle fisuSt, 
whkh is slppticablq to no conclufion; and I 
wiil confid^r it as felfej^if it be in oppofition 
to the phenomena which nature prefentR to us, 
I): appeal^ to me likewtie that he who pro. 
fefltis to ftudy, or even to teach Ghemiftryi 
ought Ml to endeavour to arrive at or exhibit 
the whole which has been done in each depart- 
ment. 
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ment, or to follow the tedious ^gi?«& of the 
b^man mind from Ihie origin of a difcovery to 
the prefent time< This faftidious cf lidkioii k 
fatiguing to the learner ; and thefe dig^tflSom 
ought in no Caf^tohe admitted in^the emin^ 
<:iation of fcience, excepting when: <^ teftoii^- 
cat details aiford interefting fa<^s^ or;lca4ia«by 
uninterrupted degrees to the peeiestt ihKe of 
our knowledge^ . It rarely hiiippensv. howeVitfi^ 
that this: kind of refearchet » thiis gcneajbg^ dfT 
fcience^ affords ti$ fucH chanhStcrs ; and it pUght 
no more to be admitted^ in generaly that ai( 
elementary writer flioulii bpng: tc^gether smd 
difcufs every thing which hair beeoi done: in^ H 
fcience^ than that he who undertakes t^ direft 
a traveller ihou^d previoufly fstnter iiilQ g long 
Kiiflertation on all the ro^ds which ha v^ beet 
iucceffively made;, and on (hofit whicbr (liU 
exift, before he A^ould point ou( the bdfjb aQ4 
ihorteft way to arrive at the end of his journey; 
Jt may, perhaps^ be faid of the hif^ory of 
fcience^ and more efpecially thati;^ ch(»mi(lry^i 
that it refembles the hiilories of nations^ It 
fcldom aifordd any^light refpedling theprefeac 
^tURtion: of af&irs ; exhibits many fkbldsxon^ 
ceming paft> times ; induces: a» neceifity of en^ 
tering into difcuffions upon the circumftances 

that pafs in review ; and fuppofes a mafs of 

fxtra. 
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^)itr&neou^ knowledge acquired on the part of 
•the reader, which is independent of the pur-. 
pofe^ aimed at in the ftudy of " the elements of 
^chemiftr^. 

• When'thefe general principks, refpefting 
the ftudfdf cKofmiftry, are once well eftablilh- 
cd,' wfe niay aftcfrWards proceed in the chemical 
taaHiinatlim of bodies in two ways: we may 
either proceed from the fimple to the com^ 
)GK>\aid^ or*vre mby defcend from the compound 
tf> the fimple^ Boththefe methods huve their 
inccmveniences $ but the greateft, no doubt, 
iprhich is foanjiia'= following the firft method 
is; that, byJi>tginhing with the fimpleft bo- 
dies/ w^ pi5iferftf fiibftances to the cohfideration 
]rfthe learner which' nature very feldom exhi+ 
trits-in fuch a-ftate of nakednefs and fimplicity ; 
cind we are forced to conceal the feries of ope- 
rations which have been employed to diveft 
thefe fubftancesfrom their combinations, and 
reduce them to the elementary ftate. On the 
other hahd^ if W« prefentbodies to the view of 
the learner fuch as they are^ it is difficult to 
fuctced^'in an accurate knowledge of them; 
becaufc??their. mutual adi:ion> and in general 
moft of tfieir phenomena, cannot be underftood 
without the .previous and accurate knowledge 

• of 
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" of their conftiruent principles, fince it is upon 
thefe alone that they depend. 

After having maturely confidered the advan^ 
tages and inconveniences of each method, wc 
give the preference to the firft. . We fhall 
therefore begin by giving an account of the 
feveral bodies in their moft elementary ftate, or 
reduced to that tenrri beyond which analyfis can 
eifed: nothing; andj when we Ihall have ex- 
plained their various properties, we will com- 
bine thefe bodies with each other, which will 
afford a clafs of iimple: compounds : and hence 
we fhall rife- by degrees to the knowledge of 
bodies, and the mofl complicated phenomena^ 
-We Ihall be careful, in any examination of the 
feveral bodies to which we fhall direft our re. 
fcarches, to proceed from known to unknown ; 
and our firft attention fhall be direfted to ele- 
mentary fubftances. But as it is impoffible, 
at one and the fame time, to treat of all thofe 
fubftances which the prefent ftate of out know- 
ledge obliges us toconlider as elementary, wc 
Ihall confine ourfelves to the exhibition^of fuch 
as are of the greateft importance in the phcno- 
mena of the globe we inhabit, fuch as are aU 
moft univerfally fpread over its furface, and 
fiich as enter as principles into the compofition 
of the re-agents moft frequently employed in 

our 
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aor operations^'; fuch, in a word, as we conti, 
nually find in the examination and analyfis of 
the component parts of the globe. Light^ 
h«at» fulphur, and carbonc are of this number^ 
Xuight modifies all our operations, and moft 
powerfully contributes to the produdion of all 
the phenomena which appertain to bodies ci-^ 
ther livii^ or inanimate, j Heat, diftributed af* 
tec an unequal proportion among aU the bocfies 
of this univerfe, eftablHhes their various die. 
grees of confiftence and fpcity ; and is one of 
the great means which arr and nature employ 
to divid&aiul yolatiU2» bodies^ to weaken their 
force or adhefion, and by that means prepare 
them for analyfis. Sulphur eififts in the pro. 
dufts of the three kingdoms^; it forms the ra. 
dical of one of the belt known, and moft ge;- 
nerally employed, acids ; it exhibits intereft. 
ing combinations with mpft fimple fubftances ; 
and, under thefe fcveral points of view, it is 
one of the fubftances the moft ncceffary to be 
known in the firft fteps of chemical fcience, 
The fame may be faid of carbone; it is the 
moft abundant fixed product found in vegeta. 
bles and animals. Analyfis has difcovered it 
in fome mineral fubftances. Its combination 
with oxygenc is fo common in bodies, and in 
the operations of art and nature, that therearc 

fcarcely 
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fcarccly any phcndfticQa which do not prefen? 
it to our view, and which confcquently require, 
the knowledge of it9 properties^ From all 
thefe reafons it appears to us^ that for the ad- 
vancement of chemiftty it is Aecc£liry our firfl: 
proceeding fhould be ibunded dn the know* 
ledge of theG: fubflances \ and that we ihopid 
pot dire& our attention to other fimple or ele- 
mentary fub&uaces, accordingly as. they ^xt^ 
^t themfe}vat 
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S^ECTION IV. 






Concerning Simple or Elementary Subi^ 
• ^ ■ ilahces. , 

I m 

IF wc caft. an eye. over the^jfyftems which 
» have bdcn-TucceifiveLy formed . by philofo* 
phers relative to the number and nature. of: the 
elements^ we fhall be aftonifhed at the prodi- 
gious variety which prevails in their manner of 
thinking. In the earlier times, every one feems 
to have taken his own imagination for his 
guide; and we find no reafonable fyftem until 
the time when Ariftole and Empedocles ac- 
knowledged as elements. Air, Water, Earthy 
and Fire. Their opinion has been well receiv- 
ed for m^ny ages; and it muft be confeffed that 
it is calculated to feduce the mind, There 
are, in fadl, enormous mafles, and inexhauftible 
ftores, that prefent themfelves to our view, of 
thefe four principles, to which the deftrudlion 
ordecompofition of bodies appeared to refer all 
the feveral component parts which formation 
or creation had taken from them. The authori- 
ty of all thofe great men who had adopted this 
fyftem, and the analyfis of bodies which pre- 

fentcd 
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fented only thefe four principles, afforded fuf-* 
ficient grounds for admitting this dodrine. 

But as foon as chemiftry had advanced fo far 
as to difcover the principles of bodies, the pro- 
feffors of that fc^ence prefumed to nftark the 
number, nature, and charatfler of the elements ;. 
and every fubftance that was Unalterable by 
ihecliemical methods of decompofition, was 
conftdered by them as a fimple or elementary 
principle^ By thus* taking the limits of ana- 
lyfis as the term for indicating the elements^ 
the number and the nature of thefe mull vary 
according to the revolutions and the progrefs 
df chemiftry. This has.accordingly happengd, 
as niay be feen by con ful ting all the authors 
who have written on this fubje<5t, from the time 
pf Paracelfus to the prefent day* But it muft 
be confcffed that it is no fmall degree of raih*- 
hefs, to affume the extent of the power of the 
artift as a limit for that of the Creator, and to 
imagine that the ftate of our acquiiltions is a 
ftate of perfedl knowledge. 

The denomination of Elements ought there- 
fore to be effaced from a chemical nomencla- 
tufe, or at leaft it ought not to be ufed but a^ 
an expredion denoting the laft term of oUr ana- 
lytical refults ; and it is always in this fenfe that 
we fhall ufe the word. 

CHAR 
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CHAP. I. 

Concettting Fire. 

THE principal agent eiqployed by nttwtt 
to balance the pfowor and natui:al effe& 
of attradtion^ is fire* By the natural efFcdl of 
attraction we (houid poiIe& Aone but folid and 
eompaft bodies ; btit the caloric uneqtially dif« 
perfed in bodies tends incelTantty to deftroj 
this adheflon of the particles ; and it is to this 
principle that we are indebted for the varieties 
of confluence under which bodies prefent them* 
fclycs to our obfervation« The various fub- 
ftances that compofe this univerfe are there* 
fore fubjefted, on the oiie hand^ to a general 
law which tends to bring them together ; and^ 
on the other hand, to a powerful agent which 
tends to remove them from each other : it is 
upon the refpedtive energy of thefe two forces 
that the confidence of all bodies depends^ 
When the affinity prevails, they are in the fo- 
lid fl:ate; when the caloric is molt powerful, 
they are in the ftate of gas • and the liquid ftatc 
appears to be the point of the equilibrium be- 
tween thefe two powers. 

It is therefore eflcntially neceflary to treat of 
fire, fince it adls fo leading a part in this uni- 
verfe ; 
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vcrfe; and becaufc it is impofliblc to treat of 
any fubftance whatever without attending to 
the influence of this agent. 

There are two things to be confidered in fire 
— heat and light. 

Thefe two principles, which have been very 
often confounded, appear to be very diftind: iit 
their own nature; becaufe they arc fcarcely 
ever proportional to each other, and becaufet 
each can ex ill without the other. 

The moft ufual acceptation of the word Fire 
comprehends heat and light ; and its principal 
phenomena muft have been known for a long 
time. The difcovery <rf fire muft have been 
nearly as ancient as the human fpecies upoa 
this globe. The fliock of two flints, the adtion 
of meteors, or the efiedt of volcanoes, muft have 
afforded the earlieft idea of it; and it is very 
aftonifhing that the inhabitants of the Marlka 
Iflands were not acquainted with its eiFed:9 
tefore the invafion of the Spaniards. Thefe 
iflanders, who became acquainted with this ter-^ 
Tible element only in confequence of its ra-.. 
vag^4 confidered it at firft as a n[iaIevoleiit 
being which attached icfelf to all beings, and 
devoured them. — See the Abbe Raynal's Hif- 
toire Philofophique, &c» 

The effeds of fire are perhaps the moii afto- 

niftiing 
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nifliing of any which nature exhibits ; and wc 
ought not to be furprifed that the ancients 
confidered it as an intermediate being between 
fpirit and matter, and have built the beautiful 
fable of Prometheus upon its. origin* We have 
had the happinefs, in our time, to acquire well- 
founded and extenfive ideas refpedling this 
agent, .which we Ihall proceed to. develop in 
the two following articles. 

A RTI C LE I. 

.Concerning Caloric and Heat. 

* When a mttal or a liquid is heated, thefe bo^ 
difes are dilated in every diredlion, are reduced 
to vapour, and at laft become invifible when 
the moft powerful heat is applied to them. 

Bodies which poflcfs the principle of heat, 
part with it more or lefs readily. If we atten- 
tively obferve a body during its cooling, a flight 
movement of undulation will be perceived in 
the furrounding air ; an effeft which may be 
compared to the phenomenon exhibited jupon 
the mixture of two liquors of unequal denfity 
and weight. 

'' It is difficult to conceive this phenomenon 
without admitting of a peculiar fluid, which 
"pafles firft from the body which heats to that 

which 
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'which is heated, combines with the latter, pro- 
duces the efFe.6^s we have fpoken of, and after- 
wards^ efcapes to unite with other bodies, ac- 
cording to its affinities, and the law of equili- 
brium, to which all bodies tend. 
. This fluid of heat, which we call Caloric, is 
contained in greater or lefs quantities in bodies, 
according to the greater or lefs degrees of affi- 
nity e.xilting between it and them. 

Various means may be employed to diiplace 
or difengage the caloric. The firft is ;by the 
method of affinities : for example, water pour- 
ed Upon the fulphuric acid expels the heat, and 
takes its. place ; and while there is a difengage- 
roent of heat,, the volume of the mixture does 
not increafe in proportion to the bulk of the 
two fubftances mixed. This fhews that pene- 
tration, takes place, which cannot be explained 
buti>y admitting that the integrant parts of the 
water take the place of the caloric, in propor- 
tion as it is diffipated. — The fecond method of 
precipitating caloric, is by fricftion and com- 
preffion. In this cafe it is exprefled or fqueezed 
out, in the feme manner as water from a fponge. 
In reality, the whole of the heat which may be 
produced by fridion, is not afforded by the 
.body itfelf ; becaiife, in proportion as the in- 
teripr heat is developed, th^ external ^ir adl.s 

Vol. L F ? upon 
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vipon the bodyi calcines or ihlkmes it, and iifelf 
gives out heat during its Hxatioa. Fermentti-. 
tion, and in general every operation whitlf 
chahges the nature of bodies^ may difengage 
caloric, becaufe the new cornpbund niay de- 
mand artd receive a greater or lefs quantity* 
Htnct it is that chemical operation* produce 
fometihtcs <:old, and fometimes hdatr 

Let us now e^camitie the form un<Jer Which 
caJoric pi^Tehcs itfelf. - ^ 

This fluid is difengaged either in a ftate «tf 
liberty, or in a ftatc of combination. 

In the fir ft cafe, the caloric always endea- 
vSUi's to obtain an equilibrium j not that it is 
diftribiited eqi^ally among ^11 1)pdies, but it I9 
diiperfeii among themiaCcofditig to l*ie d^fecs 
of its affinity. Whenco it follows, that the cii> 
ctimimbteht bodies receive and retain a quait- 
tity morfc ^r lefs confiderable. Metalfr are eafi- 
ly penetrated by this fluid, and tranfmit it with 
equal facility; wood ami animal fubftanccs re- 
ceive it to the degree of combuftion ; liquids, 
until they arc reduced to vapour^ Ice alone 
abforbs all the heat communicated to it, with- 
out givi-Ag it out to^ oth^r bodies until it has 
acquired the fluid ftate*. 

♦ The iagcnious auflior has inadvertently been gurlty of 
an overfigfa't. Not only ice, but all other bodie8> abforbhett 
doii9g IsqaefaftioA, as he himfelf (hews hereaftec T* 

' The 



The degree of heat can be appreciated oi^Ijr 
by its dFc^s: and thie Inftruments which have 
btcn fucceffively invented to calculate it, and 
areJcBown by the names of thermometers, py- 
rometers, &:c. : have been applied to the ftridt 
determination of thefcvcral phenomena exhi- 
bited in confequence of the abforption of calo- 
ric in various bodies. 

The dilatation of fluids, or of metals in the 
fluid ftate, by the fevieral degrees of heat, has 
btfen long nte^ured by thermometers fprmed 
of glafe; but this vtrj fufible fubftance can 
on^y be ufcd to afcertain degrees of heat infe- 
rior to tihat which renders the glafs itfelf ^ui^. 

. Several moana have httti fucceffively pro- 
poled for calculating the higher degrees of hpat. 
Mr. Leidenfrftft, has proved that the hotter ^ 
metal is, the more llowly will drops of water 
evaporate from its furfacc; and he has propofed 
ibis principle for the conftrucftion of pyrome- 
ters. A drop of water in an iron fpoon, heated 
CO the degree of boiling water, evaporates in.one 
iecond ; a fimilar drop, poured^on melted leadi 
is 4iffipated in fix or fcven feconds; and upoc^ 
red-hot iron in thirty. Mr. Ziegler, in hii^ 
Specimen de Digeftore Papini, ha* found thai 
$9 feconds were required to evaporate a drop cdT 
ly^t^rat 5aD d^rcies pf Fahrenhdt ; and t\m 

F 2 one 
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one fecond it fafficiertt at the 3oodth degree. 
This phenomenon, which is niore interefting ta 
chemiftry than pyroriietry, to wliich it will al- 
ways afford refults little fufceptible of rigorous- 
calculation, appears to me to depend upon ther 
adhefion and decompofition of the AVater upon 
the metal. ' 

The moft accurate pyrometer we are ac- 
quainted with, i^ that which was prefented to 
the Royal Soicicty of London by Mr. Wedg- 
wood. It is conftru<5ted upon the principle, 
that the pureft clay (brinks in the fire in pro- 
portion to the heat applied to it. This pyro- 
meter confifts of two parts; One called the 
gauge, which ferves to meafufc the degrees of 
diminution or fhrinking; the other contains 
the fimple pieces of pure clay, which arc called 
thermometer pieces. 

The gauge is formed of a plate of baked earthy 
upon which are applied two rulers or ftraight 
pieces of the fame fubftance. Thefe rulers, 
being perfe(5Hy ftraight and even, are placed at 
the diftance of half an inch ffom each other at 
one of their ends, and three-tenths of an inch 
at the other. For greater convenience, the 
gauge is divided into two parts, and the two 
pieces are placed endways when required to be 
tffed. The length of this rule is divided into 

r 24.Q 



a40cqud parts, of which each^ risprefenrs one- 
tenth ^of an inch*. .: To form the thcrmoroetet 
pieces, the earthjis fifted with the greatjjft at- 
tention, after which it i§ mixed with water, 
■and the jjafteithruft throMgh an iron tuJbe, 
which gives it' a cylindrical form, tO;be.cW 
afterwards into, pieces of a'proper fize. WhdA 
the pieces are dry, they muft be prctfemted tp 
the gauge, where they ought to fit ^t the placsc 
of o ox^ the fcale^- If by inadvertence of ^he 
workmen any piece penetrates to one or two 
degrees further, this degree is marked on i^ 
flat furface, and requires to be dedudlcd when 
the piece is ufed in the admeafurement of heat.. 
The pieces thus adjufted are baked in a furoaqf 
to a red heat, to give them the confiftence ne^ 
<:eirary for carriage. The heat employed in 
this parr of the procefs is ufually about fixde- 
grees, and the pieces are diminiflicd more of 
lefs; but this is of no confeqy.enee when they 
jcome to be fubmitted to a fup^rior degree of 
beat ; ^od if it fliould happen th^t ^n inferioj: 
degree of heat is required to be meafured, ua- 
haked pieces are to b^ ufed, which are pre- 
served in iheaths or cafes lo avoid friftion.^ . 
When this pyrometer is to be ufed, one of 

•• THis is, in fa^, the twelve -hundredth of an Inch Itf'the 
widthj according- to the jiimenfiont here given. T. j. 

the 
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the pteccs is cfxpafed in the fire-place. Tfi^hofe 
t^^atis required to be deiDermhied^ andiv&entt 
hfts acquired the whok intenfity^ it i^ taken out, 
.and fufFered to cooi, or for greater fpced it is 
plunged in water; after which it ii|*refenteki to 
the gauge, and its degree of contraftion eafily 
♦determined, Mr. Wedgwood; has gitrcn twr the 
ttfult of fev^ral experintents made with his 
•pyrometer, 4ippofite to which, he .has pjactd 
the correipondent degrees of Fahrenheit 

• N . - Pyrometer Thermoiupter 

ot Wedgwcod. of Fahrfcuhcit. 

Red ieat Yxfibje l^y the -JtgKc * . o • 1077 

Bra& melts at - - 21 " 1857 

Swedi{)i cpppef melts at . - 27 - 4587 

Jure filvcr mefts at - ' - 28-4717 

^^ttrtfgold ir«hsat - i j: ;: '^j ^. ^2*37 

Tbe heat of bars of iron KiHbdf fmall bat . 90 i. 12777 

; to welding - Lla^i^cbar - 95 ? .^34^7 

The greateH heat producible in a &i^xt h*s forge 125 - . n ? * 7 

Caft iron melts at r - ^3^ - ^7977 

The greateft heat of a wind furnace of 1 
eight inches fquare - J 

Thefe various thermometers are not appli:- 
cable to all cafes. • We cantiot, for example, 
calculate with ftridlnefs the heat which efcapes 
from living bodies, or determine with precifioti 
the temperature of any fubftance. But Meflrs, 
-De la Place and Lavoifier (Acad, dcs Sciences, 
1780) )iave invented an .apparatus which ap- 
pears to leave nothing further to bedeiired. It 

is 
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is conftiru&ed upon fhe principle that ice j^b- 
forbs all tbc heat communicated to it> without, 
communicating it to pther bodies until the 
whole is meljtcd; fo that from hence w^ m^y 
calculate the degrees qf heat communicated, by 
the quantity of ice which is melted. It wa$ ^le*. 
ceffary, in order to afford fti i(3: r^fuU^, tp <lifcp-^ 
vcr the m^ans pf cauftng the ice tq ^bCorb^^all 
the heat difengaged from the bodie$ under e.}^- 
^minatiqn, and to cover it frpm the acSlion oC 
every other fubftance v^hich might facilitate it^ 
fufion ; and, laftly, to coHed with great cj^^e 
the water produced by the fufion. 

The apparatus conftrudled by thefe two cc*? 
lebrated academicians for this purpofe, cqnfifti^ 
of three cirQU^ar veflels nearly infcribed in each 
other J fo that three capacities are producecl^ 
The interior fpace or capacity is foriped by an 
iron grating, upon fupports of the fame metaU 
Here it is th^t the bodies fubjefted to experi* 
ment are placed^ The upper part qf this car 
vity is clofed by means of a cover. The mid- 
dle fpace, next to this, is deligned to contaia 
the ice which furrounds the interior compart- 
ment. Thif ice i^ fupported and retained by a 
grate, upon which a cloth is fpread, Uy propor- 
tion as the ice melts, the water flows through 
the grate and the cloth, and is coUeded in a 

vellel 
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veffel placed beneath. Laftly, the ? x'ternal 
fpace or compartment of* the apparatus contains 
ice ' intended to prevent jhe effcdl of the ex- 
ternal heat of the atmofphere. ' 

To ufe this excellent machine, the middle or 
fccond fpace is filled with pounded ice, as is like-' 
wife the cover of the internal fphere ; the feme 
thing is done with regard to the external fpace, 
as well as to the general covering of the whole 
machine: the Interior ice is fufFeredto drain ; 
and, when it ceafes to afford water, the cover- 
ing of the internal fpace is raifed, to introduce 
the body upon which the experiment is intended 
to be made. Immediately after this introduc- 
tion, the covering is put on, and the whole ap- 
paratus remains untouched until the included 
body has acquired the temperature of o, or the 
freezing temperature of water, which is the 
common temperature of the internal capacity. 
The quantity of water afforded by the melting 
of the ice is then weighed ; and this is an ac- 
curate meafure of the heat difcngaged from the 
body, becaufe the fufion of the ice is the elFedt 
of this heat only. Experiments of this kind 
lafl fifteen, eighteen, or twenty hours. 

It is of great confequence, that in this ma- 
chine there fhould be no communication be- 
tween 
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tweeri the middle, or fccond, and the external 
fpace. 

It is likewife neceflary that the air of th^ 
apartment {hould not be lower than o> becaufc 
the interior ice would then receive a degree of 
cold lower than that temperature. 

Specific heat is merely the proportional quan-. 
tity of heat neceflary to raife bodies of equal 
mafs to the fame number of degrees of tem- 
perature : fo that, when the fpecific heat of a 
folid body is required, its temperature mud be 
elevated a certain number of degrees, at which 
inftant it mull be placed in the internal fphere, 
and there left until its temperature is reduced 
^ro o. The water is then collected, and this 
quantity divided by the product of the mafs of 
the body ; and the number of degrees of its 
original temperature above o, will be propor- 
tional to Its fpecific heat. 

With regard to fluids, they are inclofed ia 
velTels whofe heat has been previoufly deter- 
mined^ The operation is then the fame as for 
folids ; excepting that the quantity of water 
afforded muft be diminifticd by a dedudioivof 
that quantity which has been melted by the 
heat of the veflel. 

If it be required to determine the heat which 
is difengaged during the combination of various 

fubllances^ 
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fubftlnces, they muft bcaUredycedi as welU^ 
their containing veffels, to the temperatUT^ of 
O- The miiturc: muft thea be placed in the 
internal fphere ; and the quantity Qf water coU 
ledtcdis the mcafure of the difengaged he^t. 

In order to determine the he^t; of conibuf, 
tion and re^iration, as the renewal of air is in, 
di/penfablcin thefe two operations, it is nceef^ 
fary to cftablifli a communication between tl:^ 
internal pact of the fphere ar\d the furrounding 
atniofphere; and in order that the ihtrodudlioti 
of frelh air may not caufe any perceptible error, 
thefe experiments ought to be made at a tem? 
pcracure little differing from Oi or ^x leaft the 
«iir which is introduced muft prcvioufly be 
brought to this temperature. 

To determine the fpecific heat of any gas, it 
is neeeflary to eftablifh a current through the 
internal part of the fphere, and to place twp 
thermometers, oneat the place of introdudtibn, 
and the other at the place of efcape. By com^ 
parifonof the temperatures exhibited by theft 
two inftruments, a judgment is formed of the 
heat abforbed,and the melted ice is meafured^ 
* An excellent memoir of MefTrs. De la Place 
and Lavoifier may be confuLced for the refults 
ibf the experiments they have made. The pre- 
fent extras, contains only a. ftiort j^c count of 
their valuable labours. 

The 
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. The various means made ufe of for the ad-» 
meafurement of heat, are founded on the ge* 
weral principle, that different bodies abforb 
heat in greater or lefs qu^antities. If this ia^ 
were not generally admitted, it might be efta* 
bliflied on the three following fads. Dr. Frank- 
lin having expofed two fmall pieces of cloth, 
of the Caanx texture but of different colours^ 
upon the furface of fnow, perceived a fc\¥ 
hours afterwards^ that the red cloth was bu- 
ried in the fnow, while the other . which wa$ 
white had not fuffcredaaydepreffidii*. • M;.df 
Sairffure obferves, that the ipiafaiMJs of -tbe 
mountains of Switzerland ate careful to fpr!e94 
a black earth aver, the furface' of grounds co^ 
vered with fnow, when they a#c defirou3 of 
melting it to fow their feed. So likewiilechiU 
dren^ burn a black: hat in the focus of a fmaU 
lens which would fcarcely heat a wjiite one. 

Such nearly ate the phenomeoa of heat when 
it is difengaged in a ftate of liberty. Let us 
now contemplate tiiofe which it prefents when 
it efcapes from a ftate of combination. 

Heat is fometimcs difengaged in a ftate of 
fimple mixture, as in the phenomena of va- 
pours, fublimations, &c. If heat be applied to 
water, thefe two fluids will unite, and the mix- 

^ Thty werft iexpofed to th« rays of the dm. T. 

turc 
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ture will be diflipated in the atmofphere; Jbut 
it would be an abufe of ^^ords co call fo weak 
an union by the name of combination : fdr, as 
fooin as the heat becomes in a lituation to com* 
bine with other bpdies, it. abandons the w^ter, 
which returns to a liquid^ftate. This body, dur- 
ing evaporation, continually carries with it a 
portion of heat J and hence, perhaps, refultrtKc 
advantages of tranfpiration, perfpiration, &c. 
But heat very frequently contradls a .true 
chemical union with the bodies which it vola^ 
tilizes : this combination is even fo perfed, 
that the^heat is not perceptible, but it is neu-- 
tralized by the body with which it is combined* 
It -is then called latent hcit,.jcaIor latens. . 

The feveral cafes in which heat enters into 
combi^nation, and pafles. ta the ftate of latent 
heat, may be reduced to the two following 
principles: 

The firft principle. — Every body which pafles 
from the folid to the liquid ftatc> abforbs a por^ 
-rion of heat, which is no longer fenfible to the 
thermometer, but exifts in a true ftate of com^ 
bijiation. 

The academicians of Florence filled a vefleJ 
with pounded ice, and plunged a thermometer 
in it, which defcended to o. The vcflel w^as 
then immerfed in boiling, water^. and the ther- 
mometer 
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momcterdid not rife during the whole time of 
the liquefadion of the ice. The fufion of ice 
therefore abforbs heat, 

Mr. Wile kc poured a pound of water, heated 
to the €oth degree of Reaumur, upon a pound 
of ice. The melted mixture poflefled the tem- 
perature of o. Sixty degrees of heat had there- 
fore entered into combination. 
. The chevalier Laudriani has fhewn that the 
fufion of metals, of fulphur, of phofphorus, 
of alum, of nitre, &c. abforbs heat. 

Cold is produced in the diffolution of all the 
(cryftallized) falts. 

Reaumur made a feries of very interefting ex- 
periments on this fubjedl, which confirm thofe 
of Boyle. Fahrenheit caufed the thermometer 
to defcend to forty degrees, by melting ice by 
flrong nitrous acid. But the moft aftonifliing 
experiments are thofe made by Meflrs. Thomas 
Bcddoes*, phyfician, and Walker, apothecary 
at Oxford, and inferted in the Philofophical 
Tranfa(5tioBs for the year 1 7871* The mixtures 
which produced the gr^ateft degrees of cold are^ 

* It dbes not appear that Dr. Beddoes either had or pre* 
tends (0 have any other (hare in the experiments of Mr. 
Walker, than that of having tranfmitted them to the Royad 
Socictyp T. 

f Alfo in the ijibreijuent volumes. 

f.. Eleven 



7* General PfQpettieKff Heatj 

1. Eleven parts of muriate of ammoniac, or 
commofn fal ammoniac; ten parts of nitrate of 
pot-afh, or common nitre ; fixtecn parts of fuU 
phatc ipf foda, or Glauber's fiilt ; with thirty- 
two parts by weight of water : the two firft 
felts ftiould be. dry, and in powder* 2. The 
nitric acid, muriate of ammtmiac, and fulphute 
of foda, lowered the thermometer to eight dc 
grees under o. Mr. Walker has frozen mer^ 
cury without ufing either ice or fnow. 

It is therefore an incontrovertible principle^ 
that all bodies'which pafs from the folid to the 
liquid ftate, abforb heat, and retain it in fo^, 
accurate a combination as to afford no iign of 
its prefence. The heat is therefore fixed, neu* 
trali^ed, or latent. 

The fecond principle. — All bodies, by paiT-^ 
ing from the folid or fluid ftate to the aeri- 
form ftate, abforb heat, which becomes latent; 
iind it is by virtue of this heat that fuch bodies 
Are placed and maintained in that ftate. 

On this principle is founded the proccfi 
wfed in China, India, Perfia, and Egypt, to 
cool liquors ufed for drink. 

The water intended for this purpofe is put 
juxto very porous veflels, and expofed to the fun, 
or to a current of warm air, to cool the fluid 
contained \v^ithin them*. 

It 
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It is by limilar means that cool driiik is 
detained in the long journeys of the caravans. 
Intercfting details on this fabjedt may be feen 
in the Travels of Chardin, vol. iii. 1723 ; 
Tavernier*s Voyages, vol. i. edit. 1738; Paul 
Lucas's Voyages, vol. ii. edit. 1724; and alfo 
in the Mundus Subterraneus oF P. Kircher^ 
lib. vi. fee. 2. cap. 2. 

We may conclude from the experiments of 
Mr. Richmann, made in 1747, and inferted in 
the firft volume of the Imperial Academy of 
Peterlburgh, 1 . That a thermometer taken out 
of water, and expofcd to the air, always dc- 
fcends, even when its temperature is equal or 
Itiperior to thiat of the water. 2 . That it after- 
wards fifes, until that it has acquired the tem- 
perature of the atmofphere. 3. That the time 
of defcending is lefs than that which it em- 
ploys to rife again. 4. That when the ther- 
mometer, withdrawn from the water, has arifen 
to the common temperature, its bulb ^is dry ; but 
that it continues wet during the whole time <tf 
its ftanfding beneath this commoh tetnptmtt^e^ 

To thcfe cotifequences we will add Others 
deduced from feveral curious ex;peritt>eAts by 
the celebrated Ctrllen. i. A thermometer fuf- 
pended in the receiver .of the air pump, de* 
fcendii two or three degrees during the time of 

exhauftion. 
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exhaufiion^ and afterwards rifes to the tempera- 
ture of the vacuum. 2. A thermometer plunged 
in alcohol, in the receiver of the air pump, al- 
ways defcends, and the lower in proportion ^ 
the bubbles are ftronger which iiTue from the 
alcohol ; - if it be withdrawn from this liquor> 
^nd fufpended wet beneath the receiver, it falls 
eight or ten degrees whije the air is pumping 
but* 

It is well known that if the ball of a ther- 
mometer be wrapped in fine linen, and kept 
moid by fprinkling with ether, and the evapo- 
ration be facilitated by agitation in the air, the 
thermometer will defcend to o- 

The immortal Franklin has proved, in his 
own perfon, that when the body perfpires ftrong- 
ly, it is lefs heated than furrounding bodies, and 
that perfpiration always produces a certain de- 
gree of coldnefs, — See his Letter to Dr. Lind* 

The great number of labourers in the burn- 
ing heats of ourclimate fupport themfelves only 
by virtue of a copious perfpiration, the fluid for 
which they replenifh by drinking plentifully. 
The workmen employe^ in glafs-houfes, foun- 
dcries, &c. often live in a medium hotter than 
their bodies, the natural temperature of which 
is equalized and moderated by perfpiration. 

If evaporation be increafed by agitation of 

the 



V 



Genital Troperties of Heat. i i 

the air, the refrigeration is the greater. Hence 
the ufeof fans, ventilators, &c. which, though 
intended to give motion to warm air, afford 
like wife the virtue of cooling by facilitating 
and favouring evaporation. 

Warm and dry air is beft fuited to form a 
refrefhingcurrent/^becaufeit is more calculated 
to difTolve and abforb humidity ; moid air is 
le(s proper, becaufe it is already faturated. — 
Hence the ncceffity of frequently renewing the 
air to prefcrve the coolncfs of our apartments. 

Thefe principles have a nearer relation to 
medicine than is generally fuppoTed. We find 
that almoll all fevers end in perfpirations, 
which, befide the advantage of expelling the 
morbific nnatter, polTefs likewife that of car* 
rying off the matter of heat, and reftoring the 
body to its common temperature. The phyfi- 
cian who is dellrous of moderating the exccfs 
of heat in the body of a patient, ought to 
maintain the air in that difpofition which is 
tnoft fuitable to his views. 

The ufe of volatile alkali is liniverfally ac« 
knowledged to be of advantage in burns, the 
tooth-4M:h, &c. May not thefe effeds be attri- 
buted to the volatility of this fubftance, which 
quickly combining with heat, carries it off, and 
leaves an imprcffion of cold? — Ether is a fove-^ 

KoL. I. G reign 
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reign rcnicdy for the tolic* Does not its vif^ 
f ue depend on^ the-faiiie pr in.GipIes ? 
; The heat which ha§ entered into combinatiort 
with bodies during their tranfition from the 
folid to the liquid ftate^ or from this laft to the 
aeWonn ftate, may be again exhibited by caus- 
ing thcfe fubft^nces to returq again to the ftatc$ 
pf .liquefadion or folidity. In a word, every 
fubftanG? which p^flcs from; the liquid to the 
iblid ftatei fuflfers its. latent heat to efcape^ 
which at this inllant becomes free or thermos 
fnetricaj: heat. 

; . The celebrated Fahrenheit, in the year 1724^ 
having left water exppfed to.a colder tempera^ 
lure than that of ice, the water remained fluid; 
but it congealed by agitation ; and the thermo^ 

M. 

meter, which marked feveral degrees. beneath 
thefreezing point, fuddenly rofe to that tcm.* 
perature. Mr. Treiwald mentions a fimilar 
fad. in the Tranfadions; and Mr. De Ratte 
Rxa4e the fame obfervation at Montpelier. 

Mr. Baume has ihewn, in. his: enquiries and 
experiments relating to. feveral lingular pheno- 
mena. exhibited by waiter, (^t the inftant of it$ 
cpngelatip;!, .that feyeraldegr^es of heat arc aU 
wjiys developed at. xhatiinftant* . • 

;. G^fepuS' fubftances ve^ maintained in the 
aerifprmJlate. merely by the heat which is com-. 
:: :< ^ : Zr - Joined 
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bincd with them ; and when to thefefubftances, 
thus diflblvcd in caloric, another body is pre- 
fenced, to which they have a very ftrong affinity, 
they abandon their heat to unite with this laft 
fubftance ; and the caloric, thus expelled ordif- 
engagedy appears under the form of free or ther- 
mometrical heat. This difengagement of heat, 
by the concretion or fixation of gafeous fub- 
ft^ncesi was obferved by the celebrated Scheele, 
as may be feen in the valuable experiments 
which form the bafis of his Trcatife on Air and 
Fire. Since the time of this great man, rigo- 
rous calculations have been made of the quan- 
tity of latent heat exifting in each of thefe gafes : 
we arc indebted to Meflrs. Black, Crawford, 
Wilcke, De la Place, Lavoifier, &c. for many 
excellent refearches on this fubjed. 



ARTICLE II. 

Concerning Light. 

It appear$ that Light is tranfmitted to our 
eyes by a peculiar fluid which occupies the in- 
terval between us and vifible bodies*. 

Does this fluid arrive direftly from the Sun 
by fuccefllve emidions or eradiations ? or is it 

G 2 a pecu- 
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i, peculiar fluid diftributed through fpace, aiid 
put in adtion by the Siifi's rotary motion, or by 
4ny other caufe ? I fhall not enter into ahy dif* 
cuffion upon this fubjccft, but fhall confine my- 
felf to point out the {>behdmeiia# 

A. The motion of light is fo rapid, that it 
{ialies through nearly eighty thoufand leagueil 
in a fecond< 

B. The elafticity of thfc rays of light is fuch, 
that the angte bf l^efledtibn is ^ual to the aUgler 
of incidence. 

C. The fluid of light i& ponderous ; fof if % 
ray of light be received thi-oiigh a hole in a wlft^ 
dow-fliutter, ^nd th6 blade of a kiiife be pre- 
Tented to it, the ray is diverted from a Hght line, 
and is iiffledted towards the body. This cir- 
cumftance fl^iews that it obeys the law of at-^ 
tradion, and fufficiently authorifes us to clafo 
it among other bodies of this nature. 

D. The great Newton fucceeded in decom- 
pofing the folar light into feven primitive raySj^ 
which prefent thettifelve^ in the following order: 
red, orange, yellow, green, blue, indigo, violet. 
t)ycs prefciu us with only three colours, which 
are red, blue, and yellow; the combinations 
and proportions of thefe three principles fornfi 

c 

all the thades of colour with which the arts are 
enriched. PhilofOphers have maintained that 

among 



General Properties pf Ugbf^ -^ 

;among the fplar rays pherq are riarce primitive 
cplour^.-^^p \^ IjLechjerch£3 de Mf Mar?it.. 

All natur^ |3pdie;s may be confidered as 
prifms viiich dqcpoipppfe or rather diyide thp 
I^'ght. Some re%(5i: f he rap withput producinjg 
^ny change, and thefe are \rhite ; others abfor|> 
thpm all^ and caujCe abfolute blatcJcnefs : the 
jgre^er or lefs a^inity pf the feveral Vays wi^ 
various bodies, and perhaps iikewife the d^i^a- 
fition of the pores, is no doubt the qimfc Jthaj, 
?yhei> a pcnei} falls upon » body, fopae rays eiir 
jter into cofubination, wbik oth^efs ?^«;e refledt- 
^d ; and it is thi^ vhich affords th.e diy.erJSty of 
colours, and the prodigious variety of flw^^?^ 
under which bpdifs appear -to pur eye«. 

We can no longer con^ne Qujfglvf$ tp cppr 
fider light as a iperely phyficai fiib^ftgji<;ej tb^ 
chemift perceives it$ influence io mpft pf bis 
operations, and finds it neceflary tQ iy:?.c?)d to 
its adlion, which mqdi^es \i\% irefgUs ; ^nd its 
. efFedts are no lefs evident in the yaripy$ ph?- 
I^omena pf nature, than in the e;cperirpems per- 
formed in our laboratpries^ 

We fee tbff vegetation cannpt tajjc place 
u^ithout lights Plants deprived of tjbis |luid 
foecoaie pale; and when ip hpt-houfe^ the light 
conies to thci:^ from one part only^ the yege- 
^bles incline jtowards the aperture, ^ if tp 
ihew the necellity of t^i? b^neiicjia} |i.u.i(j[. 

Without 
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Without the influence of light, vcgetaMft 
would exhibit 43Ut one lifclefs colour; thcyarfe 
deprived of their beautiful (hades by the inter- 
ception of this luminous fluid. On thefe prin- 
ciples, celery, endive, and other plants, arc 
bleached. • . 

Vegetables are not only indebted to the light 
for their colour, but likewife for their fmell, 
laftc, combuftibility, maturity, and the refinous 
principle, which equally depend upon this fluid. 
*Hence it is, no doubt, that aromatic ftibftances, 
"refihs,* and Volatile oils, are jthe inheritance of 
fouthern climates, where the Kght is more pure, 
cdnfl:arit, and intenfe. 

We fee, likewife, that the influence of light 
'is evident in other beings : for, as Mr. Dorthes 
^as obferved; worms and'grubs, which live in 
'the earth or in wood, are of a' whiti(h colour. 
"The birds and' flying infefts of the night arc 
likewife diftinguifhable from thofe of the day 
T>y the want of brilliancy of colour; and the 
"difference is equally marked between thofe of 
the north and of the fouth. 

'A very afl:onifhing property of light upon the 
vegetable kingdom is, that when vegetables 
arc expipfed to open day-light, or to the fun's 
rays, they emit vital air. We (hall again attend 
to all thefe phenomena when we come to treat 
of the arialyfis of vegetables. 

The 
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" The finfe experiments of Scheefe - and Ber^ 
thollet have fheivn that the abfence or prfefencc 
of light Has in kftonifliing efFeft upon* th^ rei 
fult of chemical experiments. Light difen- 
gigek'vitat air from feveral' fluids/ fuch as the 
nitrici acid, the bxigehatcd marine acid, &c. 
ItTedutcs'thc ox'idcs or calces of gold/ filver^ 
'&t; It changes the nature of oxigehated rnu* 
nates, according to the obfervations of Mn 
BerthoUet. Light likewife determines the phe- 
nomena of vegetation exhibited by faline fo- 
lutions, as I hayc ihcqrn. From all which cir- 
cumftances it is evident that we ought to at- 
tend to the effed: of this agent in almoft all 
cmr operatiphs. \. .,..'. \ Z" ./ 

^^ Organization, Xenfation, fponcanaous' nto- 
tion, land life, cxift only at the filrfecierof the 
Mcarth, and in places expofetlto light c we might 
aflirm that the flame of Promctheia;s^'3torch 
was the expreflion of a philofophicBit^truth 
which did not efcape the ancients. -:.:Without 
light, nature was lifelefs, inanimate, nand dead : 
a benevolent Godi by producing (light, has 
ipread organization, ienfationy ^Md thought 
-over the furface of the earth. *'-^Eiement^r.y 
Treatife of Chemiftry by Mr. LavbiAef < ■ 

We ought not to confound the folar light 
vith the light of our fun>ac«sipihc light of 
V thefc 



thcfe has, as I am convinced, v^ry evident ef- 
fedts in certain phenomena $ but thefe effedks 
are flow, and fcarcely comparable with thofe 
of the foiar light. 

Although heat often accompanies light, the 
phenomena we have mentioned cannot be at^ 
tributed to mere heat. Heat may indeed i^uy' 
dify them where it exifts, but molt affuredJiy 
jit cannot produce them* 



w 



CHAP. II. 

Concerning Sulphur. 
E are obliged to place Sulphur 



the elements, though our prcdeceflbrs 
pretended to have determined its conftituont 
principles. This proceeding would appear t^ 
be retrograde^ if it were not evident that the 
correction of miftakes is a real advanctmetK 
in fcience. 

The ancients tifed the, word fulphur to dc^ 
note every corabuftible and inflammable fub^ 
ftance. Accordingly we find, in all their writ- 
ings, the cxpreffions of fulphur of metals, ful- 
phur of animals, fulphur of vegetables, &c. 

Stahl aflignech a determinate value to the de- 
nomination of Sulphur s and fince the time of 

this 
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this celebrated chemifl we haye poniiaed thp 
tiame to denote a body of an orange-yellow 
colour, dry^ brittle, capable of burning with % 
blue flame, and exhaling a penetrating odour 
during combullion : when rubbed^ it becomes 
eledtric ; and by a light preflurein ^be ba^d ic 
crackis, and becomes reduced to powder* ^ 

It ^ppe^rs that fulphur is formed by chc dc^ 
compoiition of vegetables and animals. It has 
been found on the walls of necei&ry^houief;^ 
and when the ditch of the Port St. Agatoine^ at 
Paris^ was cleai^d, a conHderable -quantity wajs 
coltevfledj which was mixed with the decayed 
remains of vegetable and animal iubflances, tha;t 
iiad £Ued the ancient ditches^ and there puxre^ 
fied. 

Mr. Deyeux has likewife proved^ that ful- 
phur exifts naturally in c^ftain plants, fuch as 
patientia, cochlearia, &c. His procelTes for 
extraAing it corifift in — !• The waihed root 
muft be reduced by rafping into a fine pulp^ 
this mud be wafiied in cold water, and palled 
through a licve or cloth of an open texture ; 
the fluid paflcs in a turbid flatCj and depofits a 
precipitate, which when dried proves the exifl«- 
cnce of fulphur. 2. The pulp may be boiled, 
and the fcum afforded by the ebullition after- 
wards dried: this fcum contains fulphur. Se- 
veral 
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Vfctal fpecics of rumexi corifoundcd under- the 
H^mc of Patiicncc, do not contain fulpKur. I 
^lavc obtained it from the rumex patientia L. 
which grows on the mountains Cevenncs, and 
IS the fame- which is ufed at Paris. M. Lc 
^eilterdobtained fulphur by fufFering vegetable 
fubftarrices to putrefy in weH- water. Sulphur i« 
abundantly c6rttained in coalmines; it is found 
irt comWtiatidh with certain metals; it appears 
almbll always v/htrc vegetable decoinpofitioii 
takes pla\!e ; - k ^ormi the greater part of thofc 
pyritouis and bituminous fchifti which occupy 
the focus of volcanos ; it is fublimed in thofe 
-places' whei^ tlhe pyrites are decdmpofed ; it i^ 
thixywn out by fubterraneou's fires; and is found 
in greater or lefs quantities in volcanic diftridls. 
■Mdch haabeen faid concerning fhowers of ful- 
*phur; but it is at prcfent wdl known that this 
^ierror has chiefly arifen from the powder of thfc 
lamina of the pine> which is carried to great 
•diflances. Henckel faw the furface of a marfh 
-entirely covered with this powder. 

The known procefles' for extracting fulphur 
in the large way, and applying it to the purl. 
■pofes of commerce, confift in difengaging it 
from the pyrites or fulphurcs of copper, or of 
iron, by methods pofTcffing various degrees of 
fimplicity and economy. • On this fubjecl, the 

Pyritology 
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'Pyritology of Henckel, Macqucr's Chemical 
'DixJHonary, and the Metallurgical Trafts of 
Mr. Jars^ may be confulted. 
* In Saxony and Bohemia the ores offulphur 
arediftilled in earthen tubes difpofed in agali 
lery. The fulphur which is difengaged by the 
heat paffes into receivers placed without, and 
In which tfare is taken to keep a fufficicnt 
quantity of water i 

Ar Rammeliberg, at St. Bel, &c. lafgc htapi 
fef pyrites are made?, which are dccompofed by a 
gcfltle'heat, at'firft applied to the mafs from a 
■ftratum of combuftible matter upon which it h 
'placed. The heat Is afterwards kept up by the 
aftion of the pyrites amongft each other. The 
fulphur which exhales cannot efcape Ikterally; 
becaufe care is taken to cover the fides with 
earth. It therefore rifes to the fummit of the 
truncated pyramid, where it is collefted into 
fmall cavities made for that purpofe. The heat 
of this part is fufficient to keep the fulphur in 
a fluid ftate; and it is taken out from time to 
time with ladles. 

Almoft all the fulphur ufed in France comes 
from the Solfktara. This volcanic country every 
where exhibits marks of the agency of fubter^ 
raneous fire. The enormous mafles of pyrites 
-which arc decbmpofed in the bowels of the 
earth produce hcat^ which fubliines part of the 

fulphur 
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iulphur through apertures which the fire, and 
the effort of the vapours, have opened in aU 
parts. The earths and ftoncs which cpntJ^in 
jSilphurare diftilled ; and it i the refult of th ii? 
diftiUation which is called Crude Sulphur. 

The crude' fulphur is tranfported into France 
by the way of Marfeilles^ wherp if receives tb^ 
jxccellary preparjitions to render it fuitable tp 
various purposes, i. It is reduced into digl^ 
ox rolls, by fufing it> ^nd poujing it into 
xnoulds: or, 2. It is for;ncd into flpwets c^ 
brimftone by fubliming it with a gentle hcsit^ 
^nd coUeding this fulphur^eoxis vapour in ft 
very, clofe chamber of confiderable extent. 
This very pure and finely divided fulphur i^ 
diftinguiflied by the name of Flowers of Briii>- 
ftone, or Sublimed Sulphur. 

Sulphur enters into fufion by a moderate 
heat ; and if the moment be feized in which 
the furface congeals, and the liquid fulphur 
contained beneath that furface be then poured 
out, the internal cavity will exhibit long necr 
dle-formed cryftals of an Osflahedral figure. 
This procefs, contrived by the famous Rouellc, 
has been applied to the cryftallization of almoft 
all the metals. Sulphur is found naturally cryf- 
tallized in Italy, at ConUla near Cadiz, &c» 
Its ufual form is odahedral : but I have feen 
cryft»I^ of fulphur ip f)er£e<5t rhomboids. 

Stahl 
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Sr^hl thought that he had proved, by analyfis 
and fynthefis, that fulphur is formed by the com- 
bination of his phlogifton with the fulphurid 
acid. The happy feries of proofs which he has 
left behind him for the eftabliftiment of this 
6pinion, has appeared fo complete, that, fince 
the time of this great man, his dodrine hascon- 
ftatitly been admitted as founded on abfolute 
proof. This example was even urged as an in- 
ftance to ftiew hov^ high a degree of evidence 
the chemical analyfis was capable of afFoi-ding* 
But our difcoveries refpedting gafeou3 fab- 
ftances have fhewn us, that the ancients were 
necelTarily led into error for want of that know- 
ledge. The immenfe refearches of the moderns 
into the compofitioh of acids, have (hewn that 
theft fubftances arc decompofed in a variety of 
operations ; and this revolution in the ftate of 
our knovvled^e muft have produced afimilar 
change in our methods of explaining the phe- 
nomena* An examination pf the principal ex- 
periments of Stahl, upon which his doiftrine 
eflentially depend^^ will fufficiently ihew the 
truth of what weliave alTerted. 

If one third part of charcoal, and two thirds of 
fulphate of pot-alh, or vitriolated tartar, be 
mixed and fufed in a crucible, the produdt is {\\^ 
vcrrfAlphur) fulphurc of pot-afli. IfthisfuU 

phurc 



94 Anaiyfis of^Sulphurs 

phurebc diflblved in water^ and the -alkali btf 
engaged by addinga few cjrops^ffulphuric acid^ 
a precipitate is afforded, whichconfiftsof true 
fulphur : '' whence," fays Stahl, " thefulphur 
is a combination of phlogifton, or the inflam- 
mable principle of the charcoal with the ful- 
phuric acid." The experiment was true, but 
the confequence is abfurd ; becaufe it would 
follow that the fulphuric acid which was addedj 
muft have poffefled the property of difplacing 
fulphuric acid wnited to the alkali*. 

If Stahl had more ftriftly analyfcd the refult 
or produft of this operation, he would have 
been convinced that it does not contain a par- 
ticle of fulphuric acid. 

If he had been poflTefled of the power, of ope- 
rating in clofed veflcls, and of colleding the 
gafeous fubftances which are difengaged, he 
would have obtained a large quantity of carbo* 
nic acid, which arifes from the combination of 
theoxigeneof the fulphuric acid with charcoal. 

* Without pretending, on the prefeilt occafion, to difpute 
either for or s^ainft phlogifton^ I (hall obferve that this arg'ii- 
ment is one among the many paralogifms urged on both fides 
in this controvcrfy. If there be any difficulty in conceiving 
how dephlogifticated fulphur, or pure vitriolic acid, may dif- 
place phlogifticated vitriolic acid, or fulphur, the fame will 
apply to the oppofite theory, which afferts that aerated ful- 
phur, or vitriolic acid^ dlfplaces de-aerated vitriolic acid, or 
pure fulphur. T. 

If 
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If he had expofed his liver of fulphur to the 
air in clofed veflels, he would have feen that, the 
vital air is abforbed, that the fulphurc is dc-. 
compofed, and that the fulphate of pot-alh, or 
yitriolated tartar is formed ; which proves the 
recompofition of the fulphuric acid. 
, If charcoal be moiftened with fulphuric acid 
or oil of vitriol, and then expofed to diftilla-^ 
tion, the products are carbonic acid or fixed 
air, fulphur, and much fulphureous or volatile 
vitriolic acid.. 

The experiments pf Stahl exhibit the moft 
perfeA demonftration of the decompolition of 
the fulphuric acid into fulphur and qxigene; 
and it is not . neceilary, in the explanation of 
ihem, cither to fuppofe fhe cxiftence of an 
imaginary being, or to fuppofe that fulphur i$ 
a cgmpounded body. 
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CHAP. III. 



Concerning Carhone. 



T)UR£ charcoal is called Carbone in the 
"^ new Nomenclature. . This fubftancc is 
placed among iimple bodies, becaufe no ex« 
periment has hitherto (hewn rhe poffibility of 
dccompofing it. 

Carbone 
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Cltbdiie cxifts ready formed m vegetables. 
It may be cleared of all the volatile and oily 
principles by diftillation ; and, by fubfequent 
trafhing in pure water, it may be deprived of 
all the falts which are mixed and confounded 
with it. 

When it is required to procure carbohe in a 
ftate of great purity, it muft be dried by flrohg 
ignition in a clofed veflel : this precaution is 
iicceflary ; for the laft portions of water adhere 
with fuch avidity, that they ate decompofed, 
and afford hydrogenous gas and carbonic acid* 

Carbone exifts likewife in the animal king- 
dom: it may be extra(9:ed by a procefs fimilar 
to that which we have defcribed ; but its quan* 
trty is fmalL It appears in the form of a light 
ipongy mafs, difficultly confumed in the air, 
and mixed with a great quantity of phofphates^ 
and even of fodar. 

Carbone is likewife found in plumbago, of 
which it is one of the principles. 

We fliall treat more fully of this fubftancc 
in the analyfis of vegetables. But thefe con- 
tife ideas are fufHcient to enable us to proceed 
in our account of its combinations, which is 
indeed the only objed of the prcfent fhort 
enumeration of its properties. 

;. . ', SEC, 
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Concerning Gafes, or the Solution of Cer* 
o.-ifain Principles in Caloric, at the Xepa- 
perature of the Atmofphere. . 

A L,&RI C^: iiL iis::combination witfa'bo^ 
:,dics,;vblatilizds foihe of them^^and reduces 
^heocr tortfae aerifdrm ftdte. The permanence 
in: this date in the temperature of the atmo-<^ 
iphere conftkoteb the gafes ; fo that, to.redude 
a fobilance to the &ii£ of gas, confifts. in dif* 
iblvingi it in caloricJ . I . ' . i 

^Caloric Combines with varioui bodies,\.with 
greater 6r:lefs facilit)^'; .and we are acquainted 
iffith feveral .that; at the temperature of die at- 
mofphere, are conftantly in the ftate of gas: 
there arc others which pafs to this ftatcatfomc 
degrees higher, ^and thefe are called Volatile or 
Evapomble fubftances. They differ from fixed 
fubftances, becaufe thefe laft are not volatilized 
but by the application and combination of a 
ftrong dofe of caloric. 

It appears that all bodies do not indifcrimi- 

n^tely require the fame quantity of caloric to 

aflum^e the gafeous ftate ; and we ihaU i^ that 

. VoL.I. H this 
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this proportion may be deduced from the fixa^ 
tion and concretion of thefe gafeous fubftances. 

To reduce iny fubftancc t0 the ftate of gas, 
the application of caloric may be made in va- 
rii>os riiafinei-*. ' ^ ' • ^ 

-^The moft^fimplc inetlidd edfififts^ in placing 
the body in contadt with -another body H^hich 
is heated. In this fituation, the heat on one 
hand;dtminiifaes i the aifinit^ioliiEiggr^gatioil'^o^ 
compofitioAj, by feparating the xronftituent prin- 
ciples to. a gceafer diftalnce from each odiors 
on the other hand, the heat unites to the prin«^ 
£iple&.\Kith:' which it b;^f the ilrc^eft affinity^ 
add: viDlatiliizes ;tbem. This procefs it adcord^ 
ing to the method of fimplC' affinities i for it in 
SOkconiiiks of the exhibition of a third bo4yj. 
li^hich^vprefented ta:a coriipound of icveial 
principlGs, combines with one of them, lovi 
carrxe£€tx»fr» - 

Thd method of^ouble alKnity may iikcwife 
be ufed'tdf convert any fubflance into theg^£« 
ebus form) and this is what happens when we 
caufe one body to acfb iipon another to produce 
a cDmbinatiod^ in which a difengagement of 
fome gafeous principles takes place^ If I .pour^ 
fet! 6xamp];e,:the fulphuric acid upon the oxide 
of^rattnganefe, the acid combines with the me- 
tal; wilile' its caloiic feisses the '0:!$igeAe> and 

tin. iA .: -. fifes 
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fifes With iti Thi* principle takes place not 
only iti this ihflahce^ but on all other occa« 
fion» wherein^ an operation being performed 
without the application of heat^ there is a pro- 
duftion of vapour or gas. 

The various ftates under which bodies pre- 
fent themfelves to bur eyes, depend almoft 
entirely upon the different degrees of combina** 
tioH of caloric with thofe fame bodies. Fluida 
do not differ from folids, but becaufe they con-, 
ftantly poifefe, at the temperature of the atmo- 
fphere, the dofe of caloric which is requifite to 
maintain them in that flate 3 they congeal and 
pafs to the concrete ftate with greater or lefs 
facility, according as the requifite quantity of 
Caloric is mof^ or lefs conliderable. 

All folid bodies are capable of palling to the 
gafeaus ftate ; and the only difference which 
exifts between them in this refpe<5l is, that a 
doft.of caloric is required for this- purpofe, 
which- is governed — i. By the affinity of ag- 
gregation, which connedls their principles, re- 
tains' fhem, and oppofes itfelf to a new combi- 
nation. 2. By the weight of the conflitueM 
parts, which renders their volatilization more 
or lefs difficult^ 3. By the agreement and at^ 
t>ai%^n between the caloric and the folid bo- 
dy, whidh IS more or lefs ftrong. 

H2 AH 
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■; AJl bodk!S> whether fojid or liquid, when 
th^y come to be volatilized by heat, appear in 
two ftates — that of vapour, or that of gas.r 
,vln the firft cafe, thefe fubftances lofe, in a 
fhort time, the caloric which raifed them, and 
again appear in their original form the moment 
the caloric finds colder bodies to combine with ; 
but it is rare that bodies thus divided refume 

^ m m ' • — • - . 

their original confidence. . The firft ftate is 
that of vapour. _ ; 

. In the fecondjG.afc, the combination of ca- 
loric with the volatilized fubftance is fuch, 
that the ordinary temperature of the atmofphere 
is infujRkient to overcome this union. This 
:P:^te conftitutes the gafes. 

When the combination of caloric with any 
fubftance. is fuch that a gas is produced, thefe 
inyifible fubftances may be managed at plea-, 
furc, by the afliftance of apparatus appropriated 
within ouf time to thefe ufes. Thefe appara- 
tus a?e knp>yn by the name of Pneumato-che- 
mic. Hydro-pneumatic apparatus, .&c. 
- The pneumato-chemical apparatus, in ge- 
neral, confifts of a wooden vcffel, ufually of a 
Square form, and lined with lead or tin: two 
or three inches beneath the upper edge there 
\s formed a groove, in which a wooden plank 
Hides, having a bole in the middle, and a notch 
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in one of its fides ; the hole is made in the- 
centre of an excavation made in the fhelf, of 
the figure of a funnel. 

This veffel is filled with water or mercury, 
according to the nature of the gafes operated 
upon. There are fome which eafily combine 
with water, and therefore require to be receiv- 
ed over mercury* 

The gafes may be extradled in various man**' 
Bers. 

When they are difengaged by fire, a recurv-; 
ed tube is adapted to the neck of the retort, 
one extremity of which is plunged in the water 
or the mercury of the pneuinato-chemical 
veffel, and opens, beneath the aperture in the 
fhelf, which is in the form of a funnel. The 
junftion of the tube with the neck of the re* 
tort is fecured with the ufual lute ; a veflel fill- 
ed with the liquidof the ciftern is inverted upon 
the Ihelf over the aperture. When the gas is 
difengaged from the materials in the retort, it 
appears in the form of bubbles, which rife, and 
gain the fuperior part of the inverted veffel. 
When all the watejr is difplaged, apd the bottle 
is full of gas, it is withdrawn, by adapting a 
glafs plate to its orifice to prevent its diffipa- 
{ion : it may then be poured from one veffel tp 

another, 
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anotheTj and fubjedlcd to a variety of expcri^ 
merits to afcertain its nature^ 

When the gafes are difengagcd by means of 
acids^ the niixture which is deiigned to afford 
them is put into a bottle with a recurved tube 
fitted to it$ neck ; and this tube is plunged in 
the ciftern in fuch a manner, that the bubble9 
of gas may pafs, as in the former experiment^ 
through the aperture of the funnel in the (helf. 

The proceffes at prefent ufed to extrad: the 
gafes, and to analyfe them^ are iimple and com^- 
modious: and thefe proceffes have fingularly 
fM>ntributed to pur acquifition of the know-^ 
}edge of thefe aeriform fubftances^ whofe dif-^ 
f QVery has produced a revolution in chemiftry. 
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CHAP. I, 
Omctniug Hydrogenous Gas^ or inflammable Air* 

INFLAMMA3LE Air is one of the 
conftituent parts of water ; a circumftance 
which has entitled it to the denomination of 
Hydrogenous Gas. Its property of burning 
with vital air has caufed it to be diftinguifhec) 
by tl^^ name of I nSamnpiable Air. 

Hydro* 
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Hydrogenous gas has been procured long 
(ince. The famous philofophical candle attells 
the antiquity of this difcovery; and the cele- 
brated Hales obtained from moft vegetables an 
air which took fire. 

Hydrogenous gas may be extrafted from all 
bodies in which it is a conftituent part ; but ttie 
pureft is that afforded by the decompofition bf 
water^ and it is this fluid which ufually affords 
it in our laboratories. For this purpofc the ful- 
phuric acid is poured upon iron, or zinc ; the 
water which ferves as a vehicle for the acid, is 
decompofedon the metal ; its oxigene combines 
with it, while the hydrogenous gas efcapesw 
This explanation, however contrary to the an- 
cient notion, is not the lefs a demonftrated 
truth; in fad:, the metal exifts in the fhite of 
an oxide in its folution by^,the fulphuric acid, 
as may be proved by precipitating it with pure 
vegetable alkali ; on the other hand, the acid 
itfelf is not at all decompofed ; fo that the ox- 
igenous gas cannot have been afforded to the 
iron but by the water* Water may be decom- 
pofed likewifc (till more diredly by throwiog 
it upon iron ilrongly heated ; and hydrogenous 
gas may be obtained by caufing water to pafs 
through a tube of iron ignited to whitenefs. 

The hydrogenous gas may be cxtradled by 

the 
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the fimpje diftillation of vegetables* Ypgetablc 
fermentation, ;^nd animal putrefadUoq^ likewife 
produce this gafcous fubftance. 

The properties of this gas are as follow : 

A. Hydrogenous gas has a difagreeable 
ftinking odour. Mr. Kirwan has obfecved, 
that when it is extradled over mercury, it has 
jTcarcely any fmell. It contains half its weight 
of water, and lofes its fmell the moment it is 
deprived of this additional fubftance. 

Kirwifi has likewife obferved, that the vo^ 
lume of hydrogenous gas is one-eighth larger 
when received over water than when received 
over mercury. 

Thefc obfervations appear to prove, that the 
ofFenfive fmcU of this gas arifes only from the 
water it holds in folution. 

B. Hydrogenous gas is not proper for refpi* 
ration. The abbe Fontana affures us that he 
could not take more than three infpirations of 
this air : the count Morrozo has proved that 
animals perifh in it in a quarter of a minute. 
On the other hand, feveral northern chennirts 
have affirmed, in confequcnce of experiments 
made on themfejves, that hydrogenous gas 
might be refpired without danger; and it is feme 
years fince the unfortunate Pilatre du Rozier 
filled, his lungs with it at Paris^ and fet it on 

fire 
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fire during the expiration, which forms a vety 
curious jet of flame. It wa$ remarked to him, 
>that the abbe Font ana had objedled againft 
the accuracy of the Swedifti chemifts. This in- 
trepid philofopher anfwered the objeftion, by 
mixing one-ninth of atmofpherical air with 
very pure hydrogenous gas. He refpired this 
mixture, as ufual; but when he attempted to 
fet it on fire, the confequence was an explofion 
fo dreadful, that he imagined all his teeth were 
blown out. 

This oppofition 6f opinions and contradic* 
tion of experiments, refpedting a phenomenon 
which feems capable of unanfwerable decifion 
by one fingle experiment, induced me to have 
recourfe to trial, to fix my own ideas on the 
fubjedh 

Birds, fucceflively placed in a veflel of hy- 
drogenous gas, died, without producing the 
fmalleft perceptible change in the gas itfelf. 

Frogs placed in forty inches of hydrogenous 
gas died in the fpace of three hours and a 
half: while others lived fifty-five hours in oxi- 
genous gas and atmofpheric air ; and when I 
took them out ftill living, the air was neither 
vitiated nor diminifhed. Numerous experi- 
ments which I have made upon thefe animals, 
have led me to obferve that they have the fa- 
culty 
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calty of ftopping their rcfpiration^ when placed 
in any noxious gas, to fuch a degree, that they 
infpire only once or twice, and afterwards fuf-<r 
pend every fundtion on the part of the refpira- 
lory organ f 

I have fincc had occasion to obfervc that 
thefe animals are not reduced into a putrid mafs 
by remaining in hydrogenous gas, as was affirm- 
ed fome tinje s^go. The fadt which may have 
jmpofed on chemifts who related this circunl- 
llance, is, that frogs are often enveloped in a 
mucus or fanies, which appears to cover them 5 
but they exhibit the f4me phenomenon in all 
the gafes. 

After having tried the hydrogenous gas upon 
animals, I determined to refpire it myfelf ; and 
I found that the fame volume of this air might 
be fevcral times refpired without danger. But 
I obferved that this gas was not changed by thefe 
operations ; whence I concluded that it is not 
refpirable : for, if it were, it would fufFer a 
change in the lungs, the objed: of refpiration 
not be'mgconfined to the reception and emiflion 
of a fluid merely; it is a function much more 
noble, more interefting, more intimately con- 
ncd:ed with the animal oeconomy : and we ought 
to confider the lungs as an organ which is 
nourilhed by the air, digefts that which is pre- 

fented 
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Tented to it> retains the beneficial^ and reje<5tsthc 
noxious part* Since therefore inflammable air 
can be refpired feveral fucce^ive times without 
danger to the individual and without ^ny altera* 
tion or change in itfelf^ we may conclude in« 
deed that inflammable air is not a poifoHj but 
that it cannot be confidered as an air eflentially 
proper to refpir^tion^ It is with hydrogenous 
gas in the lungs^ as with thofe balls of mofs and 
refin which certain animals fwallow during the 
rigorous feafon of the winter. Thefe balls are 
not digefled, iince the animals void them at 
the return of fpring : but they delude hunger ; 
and the membranes of the ftomach are exer- 
cifed upon them without danger^ in the fame 
manner as the lungs exert themfelves upon the 
hydrogenous gas pr^fented to them^ 

C. Hydrogenous gas is not combuftible alone; 
it does not burn but by the concurrence of 
oxigene. If a velTel filled with this gas be 
reverfed^ and a lighted taper be prefented to 
it, the hydrogenous gas is found to burn at the 
furface of the veiTel ; but the candle is extin« 
guifhed the moment it is plunged lower. Thf 
moft inflammable bodies, fuch as phofphorus, do 
not bum in an atmofphere of hydrogenous gas, 

p. Hydrogenous gas is lighter than common 

air. 
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air. One cubic foot of atmofphcric air weighs 

feven hundred and twenty grains ; a cubic 

foot of hydrogenous gas weighs feventy-twp 

grains. The barometer .being at 29^ 9, and 

the thermonneter 60^ Fahrenheit, Mr, Kirwan 

found the weight of this air to that of commoa 

air as eighty-four to one thoufand ; confe- 

quently it was about twelve times as light. 

Its fpecific gravity varies very much, be-, 

• caufe it is difficult to obtain it conftantly of 

the fame degree of purity. That which is ex- 

tradled from vegetables contains th? carbonic 

acid and oil, which increafes its weight. 

This levity of hydrogenous gas has caufed 
certain philofophers to prefume that it ought to 
arrive at and occupy the fuperior part of our at- 
mofphere; and upon this fuppolition the moft 
brilliant conjeftures have been made refpedling 

■ 

the influence which a ftratum of this gas, predo. 
minating over the reft of the atmofphere, ought 
to produce in meteorology. They were not 
aware that this continual lofs of matter is not 
agreeable to the wife oeconomy of nature. They 
did not obferve that this gas, during its afcent 
in the air, combines with other bodies, more 
efpecially the oxigene, and that water and other 
produfts are the refult ; the knowledge of which 

mull 
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tnuft rieceffarily lead lis to that of mbft me- 
teors. •: • 
^ The th'cory of balloons, or aeroftatic ma- 
chines, is founded oji: this . levity .of the hy- 
drogenous gas. .' . . . . • ■; / 

In order that a. balloon may rife in theatmo- 
fphere, it is fuffieient that the weight of the 
balloon itfelf, and theairitencloies, fhould be 
lefs confiderable than that of an equal bulk of 
atmofpheric air ; and it muft rife till its weight 
is in equilibrio with an equal volume of the 
furrounding air. 

The theory of^he Mongol fiers is every differ- 
ent from this. In this cafe a given volume of 
atmofpheric air is rarefied by heat, and kept 
feparated from the common mafs by a hollow 
veffel of cloth . This, rarefied fpace |nay. there- 
fore be confidered foi; a-momeut as.confifting 
of a n)af» of air pf.gr^ater levity, which muft 
necelTarily make an?eftbrt to rife in the atmo-- 
fphere, and carry:itSTCovcring along with it. 

£. Hydrogenous gas exhibits various cha- 
rafters according tQ its degree of purity, and^ 
the nature of the fubftances which are mixed 
with itt . 

It feldonv happens that this gas is pure. That 
which is afforded by vegetables contains oilj 
and the carbonic acid. I'he inflammable air 

of 
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of maijmes is mixed with a greater or lefs qtitfrl<« 
tity of carbonic acid t and that which is afforded 
by ti:^e decompofition of pyrites fometimea 
holds fulphur in folution. 

The colour of hydrogerie, when fet on firCj; 
varies siccording to its mixtures ^ One-third of 
the air of the lungs, mixed with the inflarhma- 
ble air of pit^oal, affords a flame of a blue co- 
lour; inflammable air^ mixed with nitrous air^ 
affords a green colour i the vapour of ether af- 
fords a white f)ame« The various mixtures of 
thefe gafes, and the degree of compreffion ta 
wliich they are fubjedted, when exprefled out 
of an aperture in order to burn them^ have» iii 
f he hands of certain operators, afforded very 
agreeable illuminations, "(veil deferving; the at^ 
lention of learned and curious obfervers^ 

F. Hydrogenous gas pofleflTes the property 
of difTolving fulphur. In this cafe it contradt^ 
a ft inking fmell, and forms hepatic gas. 

Mr. Gengembre fftit ftilphu'r into inverted 
vtflbls billed with hydrogenous gas, and drf- 
Iblved it by means of the burning-glafs. The 
Hydrogenous gas, by this treatment, obtained 
all the charadleriflic properties of hepatic gaa. 
-The formation of this gas is almoft alway;» 
an tSe&i of the decompofition of water. In fa<5t^ 
the alkaline fuljphures, op livers of fulphur, da 

not 
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tiAt imit any (Mfagrc^bje fmdl.->wlfilet||ey-"are 
dry; birt the moment they are moiftened, aft 
abominable ftneU is perceived; ind the ful- 
phate of pot::k(h, to*r<Vilrk>Iat3ea'ta?£aK;begins to 
be ftlrtned. Thefe ^Henomerwi ^ovc that the 
water is dccompofed ; that one of its principks 
tififtes *d the ful^fiari and vblatiliied it ; while 
the other combihes wrth- the alkali^, and fornk 
a moi'e fixed produft. 

' Sulphurattd hydrogenous gas may be obtain* 
cd by diflblving the fulphures or hepars by 
acids. Thofe acids in which the oxigene is moft 
ftdherent difengage the greateft quantity* The 
iiniriatic acid produces twice as miich as the 
fulphuric. That which is produced by this taft^ 
buPhs with a blue flame; but that which is dif* 
engaged by the muriatic acid^ bums with a 
jcllowilh white flame. 

Scheele has taught us the means of obtain- 
ing this gas in great abundance, by decompo^ 
fing artificial pyrites,- formed by three parts of 
fron and one of fulphur; to which fpirit of vu 
triol is added. 

•The natural decompofition of pyrites in the 
bowelsLof the earth produces this gas; which 
efcapes with certain waters^ and communicates 
peculiar virtues to them. 

The 
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Th({ n>6ft general jplrppcrtifeSiOf thcfcgafes 

arc • . . - '.. xr . . ! ' . ,. 

1. They render the white; jn^ftils black, 

2. They arc improper fof,^efpir^.tion# '^: : 

3. They unpart a green co^qur tp fyrup of 
violets.-* . .; - ' . '^...., ,- . 

: 4. They tjurn wkt^ a light blue flame, and 
depofit fulphur by this combiaftion. , t 

5* They mjix with the^^gigcnous g^s^of the 
atmofpheric aiif, and form water | ^ at^^he fame 
time that the fulphur, before held in folution^ 
falls down. Hence it happens that fulphur^ is 
found in thechannels of hepatic watqrs, though 
their analyfis does not Ihew the exiftence of 2jn 
atom of that fubftance held* in folution. . 
. , 6. ^They.inipregnate water,;and arefpariijg-. 
ly foluI>l€ in that fluid; bift heat or agitation 
diffipates them again. -- ,• 

Thp air which burns at the fufface of certain 
fprings, and forms what is known by the name 
of burning fprings, conQfts of hydrogenous ga^ 
holding phofphorus in folution. It fmeU^ 
like putrid fifh. The Pere Lampi has difcover-* 
ed one of thefe fprings in iheifles of St. Golom- 
bat. Dauphiny exhibits another fifnilar fpring 
at the diftance of four leagues from Grenoble. 
The ignes fatui which glide along burying- 

grounds^ 
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grouhchf/and which the fuperftitious pocipla 
fuppofe Co confift of the fpirits of the depart^ 
ed, are phenomena of this nature, ^hich we fhall 
fpeafc of when we come to treat of phofphorus. 
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Cdnt^ming Oxigenous Gas, or Vital Air* 






THIS gafeous fubftance was difcovered 'bjr 
th^ cdebrated Frieftley, on the ift of 
Attguft t'^74^ Since that memorable da/, 
i#ldM6 have bc^ devifed of obtaining it> frOrti 
various fubftances; and its properties have 
Ih^wn that it is a produ&ion of the mod in« 
fefefting nature in the knowledge of chemiftry* 
- • : No part of the atmofphere exhibits vital air 
ill ifi» greateft degree of purity. It is alwaya 
combined, mixed^ or altered by other fub^ 

but tkis^ aiir> which is the mod general ^gtr\\ 
in the o^^^tions of nature^ exifts in coxntpina^^ 
tkm with^various fubftances ; and it is by x^\% 

Vol. I. 1 decpm. 
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decaRipofltionthat k .may be extraded and 
procured/.'- .i . \ r::'".i^ ]\:.-\<. ^ •':■ ': 
. A metal expofed to theaiv becomes changed ; 
and thefe changes are produced only: by the 
combination of the pure air with the metal it- 
felf. Simple diftillation of fome of thefe me- 
tals thus changed^ or oxides^ is fufficient to 
difengage this vital air ; and if is then obtained 
in a very pure (late, by receiving it in the hy- 
dro-pneumatic apparatus. One ounce of red 
precipitate affords about a-pifkt. 

All acids have vital air for their bafe: there 
are fome which yield it eaiily. 1[he -diftillation 
of nitre decompofes the nitric acid; and about 
t'^elve hundred cubic inches of oxigenous gas 
are obtained from a pound of this fait* • \ - 
. The nitric acid, whendiftilled from various 
fubftances, is decorapofed,. and its iconjftitucnt 
parts may be obtained: feparately... - 
" MefTrs . Prieftley, Ingenhoufz, and Senncbicr 
difcovered nearly at j:he fame time that vcge*. 
tables expofed. to the light. of the, fun. emit 
Vital air. We fhall eifewherc fpcak.of the cir- 
trumftances of thefe : phenomena » l?Ut fhall at 
prefent confine ourfelves to the obfervatio% 
ihat the^cmiffibn of vital air. is. propQf f jpned to 
the Vigour of the pjant, andthe j/ivaj^ty of the 
light i and: that thextixeca^cmifluiafiof the ray? 

-' • " ' • . "* r\f 



of the fun is :^0t' neqeflT^ry to-procltjce/thi^ gaf* 
cou^ dew;' it.Ujruf&cientj:bat.th$.I^lant be well 
enlightened, in order that it may tranfpire pure 
air.: foe I have often coUeded it in abundance 
from a kind of mofs which covers the bottom 
of a yeffel filled with water, and fo well defend- 
ed ithat the fun- never fhone diredly upon it. 

- llV/order to-procure the vital air which is diC* 
eng£^ged frorp pknts, it is fufficient to enclofe 
tl>fn[) beneath a'glafs veffel filled with water, and 
inverted over a tiib filled with the fame fluid* 
Tl^p /moment the .plant is aded . on by the fuHi 
fmal^ bUfbbks 'pf air are formed on its leaves^ 
which detaching themfelvesjcifc to the upper 
part i(arf"tj\ftyeflreli [and difplaee the liquid. 

: 3!feis ^^^ <g^J::vital air is a beneficial gift, of 
A^tjg^eito. repair inceffantly the confumptioa 
flfijfftalrair. The plant abforbs atmofpheri- 
jca.limephitis, sind emits vital air. Man, on the 
contrary, is kept alive by vital air, and emits 
much mephitis. It appears, therefore that the 
aqimal and vegetable, kingdoms labour for e^H 
othert; and that by this admirable reciprocity 
c[f f(^rvices the atmofphere is continually re« 
pair^, and an equilibrium maintained betwem 
i(s conftituent principles. 
. rXhe influence of folar }ight \% not confii>e4 
to the- pro^vi^DD of vital air by ics a^ion.- wi^ 
..i;,- . I a vegetables 
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)^toptttY oi, deGom|)b(ing ceruiii - filt^ancts^ 
and difengaging this gas. ^ - « 

A bottle 6f dxigeflaiit^ -^mu riaf k kitid, cx^ 
pofcd tb thfc fiinV fufiite All tlS^ fup^rabihidant 
€A\gint which it coni^itidd tfr efti^, aiid pAir>- 
es to the ftatc cancM^dirt^y^itHitiaSk acid* Th^ 
iame acid;^ cxjpoled to^ the fuft iHIa bddle wrap^ 
ped in bkokpapei^; dbes ndt fuffitr any change $ 
»nd, when heatfed in a dark piace^ is even l«* 
ducible intoPgAs without defeomp^fitiort. Th* 
nitric aCi\}likigWif(^aiR>rdso3t;igeii6ui^ gasf, When 
expofed to th&Hm ; Whered^ heaf a^kiM vofa^t^ 
lizfs it without iae«:<)riijkjfi tidri/ 

The muriate^ ortharine faltof filv^r, plattA 
ttAdet' water^ and expofed to tH6 fun^^ faflSsra 
oxig^nous ga^ to efeape from it. I [hairti 
obfcrved that red precipitate likewife afforfli 
oxigene in iimitar cafes^ and that it becon^S 
black in no vejy long' fpace of time. . 
^ We may likcwife obtain oxigenous gas by 
difehgaging it from its bafes by means of th* 
fuii^huric-kcid. -The proccfs to which Igivtf 
thfe prtftrtnch^ 6n aecwnt of its finf>plicity, tk 
thfe tblldwihg s^r t^ke ^ it^W fepothetary'* 
phial, into which I put onfe of tW6 ounces ctf 
kiangantfei and pour thereon a fuffkierit quan- 
\Mf of fulphiiricvaeid to form ^ 4icpiid- ptfte,- -I 
'•■ - "v ' ' *" "^ after— 



^erwards-fit a cork to the oproing pf the boi^^ 
tie, with a hole through it, into which if infert» 
cd a recwvcd, tub^ ; ow of tvhoft extremiiiea 
^ntera the bpttlej^^whUe ihe cnther«iis pJacedufti* 
^cr the fliclf dffdiit jjnfcuinjttcb.chcjhical 8i^r% 
tus. When the apparatus is thus difpofedj { 
jpir«ftt|t f finall Corf to the lower part of the bot- 
thi and ox^iKnis gas is immediatelydifengaged^ 

The rbtnganefe I ufe was difcdvei?edby me at 
St» Joan de Gardonnenq[ue. it affords itis; q%u 
gene with fuch facility, that nothing inore il 
necdSary for this purpofd than toincorpora^ it 
with the fuiphurtc acid, - Thii^ga^ is not perni 
peptiUy mixed with nitrigenous gas (or phlOi* 
gifiicated air) ; and (he firfl: bubble is ai^ pur^ 
a$ the l;jft^ ^ » .. 

OxigiK^ous gas exhibits certain properties^ 
according to its degree of purity^ Theft depend 
in general upon the fubftances which afford itr 
That which is. obtained from the mercurial 
oxides almoft always holds a fmall quantity of 
mercury in folution : ; I have been a witnefs to 
its having produced a fpeedy falivation on two 
perfqns who ufed it for diforders of the lungs* 
In confequence of thefe obfcrvations^ I filled 
bottles with this ^s, expofed them toanintenfe 
C<Hd| 9iu) the fidia becaMc obfeured With aflnu 

turn 
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tttrti df -mercurial oxide, in a ftaflt of extreme 
divilion. I have fevcnll times heated the bath, 
ov«r which I caufed this gas to pafs ; and I ob* 
tained,at two different times, a yellow preci- 
pitate in the bottlein which I had r'Oceived cho 
gas. , ' > , . : 

The oxigenoQS gas uextrac^ed from plants i| 
not equally pure with that afibrded bythe mci 
tallic oxides -• bu>t from whatever fubftances it 
ifli obuined, its general properties are the 'fol** 
towingt ' •- , ' .. ; 

A. It is more ponderous than the air of the 
litmpfphere^ the:. cubic foot of atmofpherical 
air weighing feven hundred and twenty grains^ 
while the cubic foot of pure air weighs feven 
hundred and fixty-fivc. According to Mr. 
Kirwan, its weight is to that of common air as 
eleven hundred and three to one thoufand. 
One hundred and fixteen inches of this air 
weighed 39,69 grains ; one hundred and fixteen 
inches of coilnmon air weighed 35,38 grains at 
the temperature of ten degrees of Reaumur, and 
twenty-eight inches of preflure. One hundred 
parts of common air weighed forty fix, and 
one hundred parts of vital air fifty. 

B. Oxigenous gas is the only fluid proper 
for CQmbuftion» Thi$ acknowledged triith 

caufed 
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eaufed the cek-bEatcd Sctocelcto give it the 
name of Air of Firci ^ ' 

To proceed -witK greater. order in the exami- 
nation of one of the moft. important properties 
of oxtgenous gas*,, fince it belongs exclufively 
to this fluid, -we Ihail lay down the four fol- 
lowing principles, as inconteftable refults of 
all the kndwn fads^ . : 

- The firft principlci-r^Combuftion neveu 
takes plaeciwrthout vital ^n • * t 

The fecbhd principle. — In every combuf^ 
tion there is an abibrption of vital air. ? 

The thifd prihciple.-^There is an augtiien^^ 
tation of weight in the produds of combuftioQ 
equal to the weight of thcvitalairabibrbedii J 

The ific^rthr principle»-^In all combuftion 
there i% a difgngagemenro^ Jieat^and light* ; 

I, The firft of^thefi^4lfopbfitions is a ftridl 
truth. Hydrogenous gas does not bufn^aloneg 
without the afRftance of oxigene ; andali com^ 
buftion ceafes the m6n1(^np that pxigenpus gas 
is wanting. * 

H. The fecond principle cbntains a fruth 
no lefs general. If certain bodies^. fuch asphdf^ 
phorus^ fulphur,&tv be burned -in very pure 
oxigenous gas, this is abforbed to the.laft par* 
tide ; ^nd when thelcombuftion. is effected in a 
■ . /:' J t .'■■'.: .\ i.\{ \ '■*- -v' no- mixture 
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mixture of fevcrtl ^kS^i the Migene aloiM is 
abforbed) and the others remain; ancHaikged. '^ 

In the flower icombaftions, fiieh as the ran- 
eiditjr of oiIfi» and the oxidation of roerals; 
there is equalljir an abforption pf oxigene/ ij^ 
majr be ihewn by confining thefe/bodieslH'tf 
dtfterminats ckiafs of aih *: )1 

IIL The third principle, thou^BOt ddfi 
true than the prsciiding, requires more <ispla«- 
nation ; and for this piirpofe ve Iball 4iAiiu 
guifli thofi^ Gombuftionft whofe refult, refidiie^ 
and prodii^fi: are fixed^ fromthofe which affoid 
volatile and fugacious fubftances. In the iirft 
cafe the oxigenous gas quietly combinesr vitb 
the body; and by weighing the fame body tbo 
moment the combu (lion has completely. taken 
place, it is ealily afcertained whether the Ssii 
creafe in weight be proportioned to the oxi- 
gene abforbedv This happens in all the. cafes 
wherein the n)ctal$ ard oxided, or oils rendered 
rancid j and in the produiflion of certain acids^ 
fuch as the phofphoric, the fulphuric, &c. In 
the fccond cafe, it is mofe difficult to weigh 
all the refiilta of the combuftion, and confei^* 
queijtly toafccitain whether the auginenta-* 
tion in weight be proportioned to the quan-^ 
tity of the air abforbed. Nevcrthelcfs, if the 
eombuftion be made In inverted veflels^ and 

the 
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die whfld^ of th? produ£J:3 be ?oHcded> it ii 
foms^ that thtir augmentation in teeight if 
ftridlly equal to that of the airabforbed* 

iV. Thd fourth principle i$ that whofe ^ppli- 
cations are the moft interefting to be known* 

In moft eombuftioiis^ the oxigcnous geis bfi4 
comes fixed and concrete. It therefore absti^ 
dons the caloric which maintained it in the 
airiifarm ilate ; ind this calorie being fet at iu 
berty, produces faeat» and endeavoum to camn. 
bine itfelf with the fvibftancea nearetit ac hand. 

The difi^ngagcubent of the heat ia thierefore a 
oooftant effei^ m all the cafes when^in vita! air 
is £ixcd in bodies.i and :it falbopil^s, from, thia 
principle*^! . That heat i« moft ethinently riBfi.« 
dentin theoxigenous gas whicii maintains coni*. 
buftion. 1. That the more oxigene is abforbed 
in a given time^ the ftronger. will be the heat* 
3. That the only method of producing a vio)ei|t 
heac confifts in burning bodies: in thepiktilb 
air. 4* That fire and heat mufl: be mor4 lIllenfi^ 
in proportion. as the air ib inoKe condenfod. 
5. That currents of air are nec^lTary to main- 
tain and expedite combuftion. ft is lipoti this 
principle that the thibory of th^ tfk&% df the 
cylinder; lamps is founded t tbeipurreni; of air^ 
wiiich is renewed through the.tube> fuppUes 
fi^Si^r everjr tndant ; and byconciriualiy ap« 

plying 
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plying a new qfuantity of oxigcrtous gas to the 
flame^ a'heat is produced fufficient to ignite 

> 

and deftroy the finoke. 

It is liJc^wifeon the fame principle that we 
explain thecgreat difference that cxifts between 
heat produced' by a flow combuftion, and that 
which isafforded by rapid combuflion. In 
tfcc latter cafe ^ the fanite:<iiiantity of heat and 
l%ht is produced in a fccond^ . which, might: 
have been prodiicedr. in the other xafe in. A 
much longcraimc. '-.] : - j.,- . ' ; 
; . The phienonsiena of .chmbuftiqn^ by means of 
oxi^enous gas^' d^enddikewife upon the fame 
kws. f Pifofcfibr Lachtenbergcr, of Gottingen, 
ibldered the blade of a knife.to.a watch fprihg 
by means of, cxigenous gas ; v MefTrs. Lavoiiier 
and lErhmann have fubjefted almofl all the 
known bodies to the aftion of fire maintained 
by 6xigenous :gas. alone ; and they produced 
effeAs which the burning-glafs could not have 
operated. 

Mr. Ingenhouf?: has fhewn us. that if an iron 
wire be bent into a fpiral form, and any com* 
buftible fubflance whatever be fixed to one of 
its ends, and fet on fire, the wire will itfelf be 
fufed by plunging it into oxigenous gas. 

Mr. Fqrfter, of Gottingcn,. found that the 

light of glowT^worms is fp beautiful and bright 

• 
m 
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in oxigcnous gas, that one fingle infedl was (uf- 
ficfcnt to afford light to read the Annonces Sa- 
vantes of Gottingen, printed in a very fmall 
charadler. Nothing more is wanting therefore 
than to apply this air to combuftion with facility 
and oeconomy ; and Mr. Meufnier has fucceed- 
€d in this, by conftruding a fimple and com- 
modious apparatus. On this fubjedt the treatife 
of Mr. Erhmann upon fufion may be confulted. 

The defcription of the gazometer may likie- 
lyife be feen in the Elementary Trcatife of Che- 
miftry, by Mr. Lavoifier, 

We (hall diftinguifti three ftates in rhe very 
ad): of combuftion — ignition, infiaminatioli, 
and detonation. 

Ignition takes place when the combuftible 
body is not in the aeriform ftate, nor fufcep- 
tible of afluming that ftate by the iimpk beat 
of combuftion. This happens when well-made 
charcoal is burned. 

When the combuftible body is prefentcd to 
cxigenous gas, in the form of vapour or gas, 
the refult is flame ; and the flame is more con* 
fiderable, in proportion as the combuftible 
body, is more volatile. The flame of a candle 
is not kept up but by the volatilization of the 
wax, which is continually effe(fled by the heat 
ofthe^ilibuftipn/ i . . . . i 

Deto^ 
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. D^tonstion is a fpee^f and rapid inflammfiT 
titpn, which occasions a ppife by the inft;ant^ 
neou8 foriTi^tion of a vacuum , Moft deten^r 
tionsarc prodiic^d by the mixtjuire of I)ydrog(?9 
ncius and oj(igenoi|s gas^ as I have (hewn in, ix)]p 
Jif^moiir iipon Petonatjtons, in thp year 4781* 
If J has ^eiii linQe proved^ that the procii^ oC 
thg rapi4 ^^pibuftion of th^fe two gafi^s 1% w^ 
tCfK :^«iy ftrt>ng dfitpn^tions may be produced 
by feuf ning a mixture of one part of o&igenpus 
g^ with ti»a rf hydjrogerte* The eflfeft ftay 
be rendered ftill nioretcrriWe^ by" cau(\ng. thft 
ipixturt to jptft through foap-witer, and.feCUng 
^ to the bubbles which are heaped on ^ 
furface of the fluid. 

. Choitiidi'y prefents^feversU cafes in which the 
doton^tipn arjifes from the fudden formation of 
fowe gafeous fubftances, fuch as that which ii 
ptoduc^ by the inflammation of gunpowder \ 
for in this cafe there is a fudden produc^ion^c^ 
carbonic acid* of nitrogene gas, &c. The pro- 
du^ion or infl:antaneous creation of any ga^ 
whatever, mufl: occafion a fhock or agitation il| 
the atmofphere, which neceflTarily affords an cXt 
plofion ; the efied: of the&exploflons increafes* 
arid becomes ftrongcr> from the oppofltion of 
iriobftacleb' againft the^fcapcof the gas^: 
C. Oxigenous gas is the QnLy,^.pc3peff fdv 
'...'\ refpira* 



it^itltkm* it 13 this moft eminent prbpertf 
Which ]tia& entitled! it .to the name of Vital Ait t 
SMd we (hail give the preference to this deno^. 
xnination in the prefent article* 
.'it ha& long iince been known that^animals 
caniiot live without the ailiilance of air«- But 
the phenomena of rdpiration have heein^ very 
impjcrfedly known until lately*' - - •*- 

Of all the authors who have written concern*- 
ing refpirationj the ancients are thofe Who have 
had the mod accurate ideas of it« They admit* 
te4 in the air a principle propi^ to nourifli and 
fuppon life^ which they denoted by the name of 
pakilfifM i;U^ i smd Hippocrates ex!^efsly fays» 
jfj^mtHs iftiam alimintutH' ejl. This idta^ whtoh 
itte cotinedted with no hypotheiis^ has* beto 
(fU^ceilivriy replaced by fyftems 'Void>4f HA. 
foundation. Sometimes the air has been confir 
defed as fei ftimulus in the lungs, which fept up 
tht circulation by its contiijual action. Vidt 
Halltr.-^^^metiMes th6 lungs have been con^ 
fidte^ as beUows defigiied «6 <^€K>1 the bocfy^^ 
heiited by a thodfand imaginary caUfe^: and 
mrheh it was proved that the volume of iir W» 
diihiiHihed in the lungs, it was th^djght to be 
W^cjf^anatiian of every difficulty^.- W - fay thtt 
the aif was deprived 6f itsfpring; : n . . r ; 
At this day, however^ we are enabled' tt^thiviw 

fome 
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fome light on one of the moft iftipoitant fuftc« 
tions of the human body. In order to proceed 
with more perfpicuity, we (hall reduce our 
notions to fcveral principles. 

1. No animal can live without the alfiftance 
offitir*. This fad: is univcrfally admitted ; but 
it has not been known until lately that the fa<«r 
culty which the air poffeflcs of anfwering the' 
purpofe of refpiration, arifes only from one of 
the principles of atmofpheric air^ known by the 
name of vital air. 

- a* All animals do not require the fame pu^ 
rity in the ain Birds> as well as men^^ and the 
greateft part of quadrupeds, require a very pure 
air; but thofe which live in the earth, or which 
hide themfelves in a ftate of ilupefadion dur- 
ing the winter, can fubfift by means of a lefs 
pore air. 

3. The manner, of refpiring the air is difFe* 
rent in the fcveral fubjcdls. In general, nature 
has given to animals an organ> which by its 
involuntary dilatation and contradlion receives 
and expels the fluid in which the animal moves 
and exifts. This organ is more or lefs perfed:, 

more or lefs concealed and defended from ex- 

... * 

ternal injury, according to its importance, and 
influence upon. the life of the creature, as Mu 
•Brou](Ipnnet has pbferved. 

{ Amphi- 



Imig^ : but they caa fufptenfl tbc^r toption even 
.whilft ih^yt ate in the air i rfts^l: hayfc obferved 
mtk l^gaird to frdgs, which ftop fheir refpira^ 
;iw.aji;-pleaXuriei , :; -:: 

. The maritieroff expiration in fifties is.yqry.dif- 
fercnt Tithefe animals come from time to time to 
inhale the air. at thejurface. q£ the waterj : where 
$hcy fill their veficle,..and digeft it- afte?; wards 
at their eafe. - I haye for a. long*time.obfcrved 
xhe phenomena of fi flies in the a<3; pferefpiratioii:; 
and am well affured that they aKe-.-fenfible of 
the a«5tion of all .the gafes, like otbei: mit^U^ 
Mr. De-i?ourcroy has obfer yed that the air con* 
fauned inthe veficleof thecar.p.is.nitrog<enega^ 
(phlogifticated air). ;'. . . . -. i 

>^ IhfeiSts ;witb tracheae exhibit. qrgin$^|lill 
more xemqte from. ours in. their gonftriHSion. 
IniXhefcanimaljri *cfpiratioh is effe^ed by .the 
tracheae diftrrhuted. along jhe body. The/ 
accompany, all the yeflcjisi. : ^nd-t^fmipatejjy 
lofing themfelves ininfenfible pores at the fnfg 
face of the (kin., , . 

Thefe infpfS^s^^^ppea^^ to.me to exhi|bit fe^^ 
very evident poi4i^jQfftRal9gyj>yUl]Ujyegetablt 
/ I. Their Tcfpiratory-organs are formed in 
the fame qaan^icr, being. difpofed thro^gh.the 
ji^holc body^^i^^^^gctable^and ^^ 

2. In. 
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i« Infisftfc 40 tufi kquitt $: gmitddgtet of^u« 
fity ifi thetifi ind plants aj^e fidufiihed with 
itmoTpherieAt liephitUi— ^jt* Botb thd 4>ne aikl 
the othtr trtAffHi^ vital air. The abb^ F6ntami 
difcovered feveral infeds in ftag^ant; Waters^ 
which, whtfn expofed to th^ fun, afforded vital 
air : ahd the gfttA matter which i^ fdritied ki 
ftagnanc waters, znd is by Dr. Frieftley placed 
among the cAmferv^, in ^oilfbrmity with the 
0pini6il of his friend Mr. Bewiey— which Mr* 
Senebier has fupfmfed to be the conferva c^u 
iBfdjUU te£lU Uf^^ae MvefgifUihus Halleri, and 
whi€h hasappear4d to Dr. Ingenhoufz to be 
ndthiftg elfe but a mafs of animalcula-^afibrdi 
a fki'^digious quantity 6f this air when expofisd 
to the fun. — ^4. Infedts likcwife afford, by ch^t 
tnical a^Iyfid, principles fimilar to thdf<i of 
plants/ fuch U r^fins, volatile oils, &c. 

Father Vaniefe appears to have known, and 
Very elegiantly expreflTed, the property of vege<t> 
Utbteil to flipp^rt themfelves by means of vital 
mirt • ' ' ■ 

. • « •. Arhorenim (res non ignota), feranim 

Inflat et Halit6am» plfcifqae latenth in imo 

C^tirgite^ vitaksttfedditer^aecipit Bufas. 
^> . Pai^K0iitMrI!lysTicuM«l.?L 

' Aiiiiifials with lungs j^eiplre only by virtue of 
the viral ait which furrounds them. Any gas 

"'" ' deprived 



dcpared of thifr mixture beco^i)[)Gs ifxmediatcly 
improper for re(piration: and x^v^ funftkm is 
exercifed wi(h fo much the greater liberty^ a$ 
vitai air ex£ft$ in a greater propprtion, in the air 
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, Count jVIoroxzo placed fuccefit vely feveral 
fiill^g^owa fparrows under agia{s bell^ inverted 
l>yer water. 1; was^ at firft filled with atmop 
fyherical air^ and i^fcerwards with vital air. He 
Qbfervcd-^ 

I. In atmofpberical air^ Houtft. Min, 

The firft fparrow lived 30, 
The fecond - 03 

'. The third - - o i - 

T^)^ water rofe in the veflel eight lines during 
die life of the firft ; four during the life of the 
Ij^^nd I and the third produced no abfprption. 



. .2. In vital air,. 
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Frorti tlhefe cxp«riiiieri« it ttia^bfe ifbncluded, 
I. That aii ihiMA lives Itttge^rn Vital air tfhan 
in atmdrphiWcal air- ii'ThJ* iii animal -caft 
liveinairin whiicfi arioihircMs'^ied^^^ 3, Thar, 
independent of the nature of the airy Tefbe<5 
tnUft beliad^tdthecohftitation oPtheariimals', as 
the'fi xth li Vedforty -^(tven tninUr-es, a Ad the fifth 
TDnly 'thirty. -4. That tliertf^ either kn'abfbrjU 
tion of air, or the prodddtion bf a n6w kiiSi<6lf 
air, which is abforbed by the watenas it rifle!*! 

It fennainsi^at preftnti tb examinfe what^re 
the changes produced by rcfpiratibh." i. In the 

ff 

air. 2. In the blood. i>r . . 

The gas emitted by expiration is a mixture 
if hitrogene gas, cai"bomc acid,' and' vitiPaif. 
If the air which iffu*6s'fr6n> the lungsb^^-hi^di 
to pafs through linrle-wateri- it rcrlders^f ^iifi- 
bid ; if it be received through tiiifturfe '<k tHrn- 
fole, it reddens it; and if a: pure^ alkali be fub- 
ftituted inftead of thetindlirrc^f turnfole, it 
becomes efFervefcent. ^ ' 

When the carbonic acid ha^ been abforbed 
by the foregoing procefs, the remainder of this 
air confifts of nitrogene gas and vital air. The 
vital air is (hewn to be prefei'ttby means of ni- 

r » • 

trousair. The air in whichT^Kad caufed five 
fparrows to perifh, afforded feveritteh hundredth 
parts of vital air. After having- thus deprived 
.' •. /( .' •^'•' 'the 
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th€ expired 4ir of all its vital aif*, and all its car- 
bonic acid, the remainder is nitrogene gas . 

It has been obferved that frugivorous ani* 
mats vitiate the air l&fs than Carnivorous ani- 
mals. 

A portion of the air is abforbed in refpiration. 
Borelli formerly took notice of this ; and Br; 
Jurin had calculated that a man irifpired forty 
cubic inches of air in his ufual inhalation^, and 
that in the greateft he could receive two hun- 
dred and twenty inches % but that a portion wof 
always abforbed. The celebrat^^ Dr. Hates 
endeavoured t6 determine this abforption mori 
ftridlly, and he eftimatfed it at a fixty-eighth 
of the total of the refpired air j but he did ndl 
confidcr it as more than a hundred atad thirty^, 
fixth^ on account of errors which he fuppofed 
to have taken place. Now a man refpires twenty 
times in a minute, and inhales forty cubic 
inches of air at each infpiration; this makes 
forty-eight thoufand per hour j which, divided 
by one hundred and thirty-fix, gives about 
three hundred and fifty-three inches of air ab- 
forbed and dcftroyed in t^ie hour. The proceft 
of Hales is not exadt ; becaufc he pafTed the 
aiV expired through water, which iftuft have 
retained a fenfible proportion. ' :: 

From more accurate expehments, Mr. De la 

K 2 Metherie 
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Metbcrie has priovejd, that chrce hundred aod 
fixty cubic \mht% of vital m are abforbed in 
an hour. i 

My cxpcrinficms have not fiiewn near fo great 
a lofSf 

ThM ftdit .affords a proof of phe facility with 
nhicb air is vitiated by refpiratipn whfn « ff 
DQt renewed^ and fliew* why the air of theatre 
ia in general fo- unwbolcfoftiet 

II, The fotiieffeft which, the air app^arafa 
produce upoathe blood i«, that of giving it ^ 
vcrmilion-cblowr; If the blaclfilb vcaou* bl^ 
Iw cxppfed iQ a pure atmofphere^ \% becooK^rof 
,a vcrmilion-colout al it^ furface: this fad li 
daily pbferved when blood i^ fuifered to reitoaMi 
<^pofed in a porringer to the air. Air wbtch 
has remained in contadl wifh blood, ?xtin«. 
guifhes candles, and/prd:ipitatcs lime- water. 
Air injedted into a determinate portioa of a 
Ycin between two ligatures, renders the blood 
of a higher colour, according tQ the fine ex- 
perinients of Dr» Hewfon, 

The blood which returns from the lungs is o( 
a higher colour, according to the obfervacioos 
of Meffrs. Cigna, Hcwfon, &c. Hence ferifcs 
;he great intcnfity pf the colour of arterial 
blood, compared with venous blood. 
. JVIr. Thooivtixel has proved,, that by with- 

drawing 
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drawing the air which is in conxzGt with the 
bloody it may be again made to lofe its colour. 

Mr* Beccaria expofed blood in a vacuum, 
where it remained black, but aflumed the moft 
beautiful vermilion-colour as foon as it was 
again expofed to the air. Mr. Cigna covered 
blood with oil, and it prefcrved its black co- 
lour. 

Dr. Prieftley caufed the blood of a ftieep to 
pafs fucceflively into vital air, common air, mc- 
phitic air, &c. and he found that the blackeft 
parts aflumed a red colour in refpirable air, 
and that the intenfity of this colour was in pro» 
portion to thequantity of vital air prefent. The 
fame philofopher filled a bladder with bloodj 
and expofed it to pure air. That portion of 
btood which touched the furface of the blad-« 
der, became red, while the internal part re-> 
mained black; an abforption of air therefore, 
took place through the bladder, in the fame 
manner as when the conca<ft is immediate. 

All thefe fadts inconteftably prove, that the 
vermiiioi^-colour aflumed by the blood in the 
lungs, is owing to the pure air which combines 
with it. 

: The vermilion colour of blood is therefore 
the firft cfleA of the contadt, abforption, an4 
combination of pure air with the blood. 

Th< 
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The fecond efFcdl of refpiriation is to cfta- 
Wifli a real focus of heat in the lungs; which 
is a circumftance very oppofite to the preca- 
rious and ridiculous notion of thofe who have 
cbnfidered the lungs as a kind of bellows de- 
figned to cool the human body. 

Two celebrated phyficians. Hales and Boer- 
haave, have obferved that the blood acquired 
heat in palling through the lungs ; and mo- 
dern phyfiologifts have eftimated this augmen. 
tation of heat at eleven hundredths. 

The heat in each clafs of individual animals 
is proportioned to the magnitude of their 
lungs, according to Meffrs. De BufFon and 
Brouffonnet. 

Animals with cold blood have only one au- 
ricle and one ventricle, as Ariftotle obferved. 

Perfons who have refpired vital air, agree in 
affirming that they perceived a gentle heat vi- 
vifying the lungs, and infenfibly extending fromi 
the breaft into all other parts of the body* 
• Ancient and modern f^dls unite therefore to 
prove, that a focus of heat really exifts in the 
Tun js, and that it is maintained and kept up by 
the air of rcfpiration. We are able, at prefent, 
to explain all thefc phenomena. In fad, there 
is an abforption of vital air in refpiration. Rc- 
fpiration then may be confidered as an opera- 
' '• tion 
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•cioo by.meansi of which vital ^\r paflcs conti- 
nually from the? gafedus to the concrete llatC; 
it mud therefore at each inftapt abandoi) the 
heat which held it in /plution^ and in the (lat.e 
of gas. This heat ; produced- at every infpira-^ 
-tion muft be- proportioned to the volume of 
the lungs, to the adivity of this organ, to the 
purity of theair, therapidityofthe infpir^tions, 
&c. Hence it follows that during the winter, 
the heat produced muft be more confiderable, 
becaufe the air is more condenfed, . and exhU 
bits more vital air under the fame volume. By 
the fame reafo.n, refpi ration ought to produce 

more heat in the inhabitants of northern cli« 

• • . . 

mates ; and this is one of the caufes prepared 
by nature to temperate,- and continually ba- 
lance, the extreme cold of thefe climates. It 
follows likeuife that the lungs of afthmatic 
perfons are lefs capable of digefting the $iir ; 
and 1 am afTured that they emit the air without: 
vitiating it ; fropi which caufc their complexioa 
is cold, and their lungs continually languiihing^ 
xital aif is therefore wonderfully comfortablic %p 
iihem*. It may be eafily cpnpeivcd from thelc 
principles why the heat of animals is. propor- 
tioned to the volume of their lungs ; and why 
thofe which have only one auricle, and one 
Y^tricle, have cold blood, fi<c. 
a»:ir The 



' The phendmcna of refptration are therefore 
th^ fame as thofe of combiiftiowJ 

Vidal airi by combinirig with the bloody 
forms the carbonic acid, which mayHbic conli- 
-d^red as antipotrefcent as Idng as it reratins in 
the circulation ; and that it is afterwards emit- 
ted through the pores 6f the (kin, according 
4o the cxpierimenis of the count De Milljr^ 
*and the obfcrvations of Mr. Fouquct. 

Vital air has l^een ufed with fuccefs in certain 
"difbfdei's of the hiiman body."" The obferva- 
tions of Mh Caillcns are well known. He 
raufed pcrfons. afFedlcd with phthifical difor- . 
'ders to refpire it with tht^reateft fuccefs* I 
have myftif beena witncfsto the moft wonder- 
ful efFefti of this air in a fimilar cafe. Mr* 

De B was in the laft ftagc of a confirmed 

phthifis. Extreme weaknefs, profufe fweats, a 
flux of the belly, and in Ihort every fymptom, 
announced the aj^roach of death. One of my 

friends, Mr. DeP , put him uponacourfe 

of vital air. The patient refpired ir with de- 
light, and afked for it with all the eagernefs of 
^n infant at the breaft. Dkiring the time thiT 
tie refpired it he felt a comfortable heat, whicb 
diftriboted itfelf through all his limbs. Mis' 
flrength increafcd \'?^itb-the greateft rapidity;, 
and in fix weeks he was able to take long walk»«. 

Thia 
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This ftatc of heallh Jafted for fix months: 
but after this interval he relapfed ; and being 
'no longer able to have rccourfe to the ufc of 

'vital air, becaufe Mr. De P had departed 

for Paris, he died. — I am very far from being 
of opinion that the refpiration of vital air ought 
to be confidered as a fpecific, in cafes of this 
nature. lam even in doubt whether this pow- 
erful air is perfectly adapted to fuch circum- 
ftances ; but it infpires cheerfulnefs, renders 
the patient happy, and in defperate cafes it is 
moft certainly a precious remedy, which can 
fpread flowers on the borders of the toml^, and 
prepare us in tb^ gentled manner for the laft 
dreadful effort of nature. 

The abfolute neceffity of vital air in refpira- 
tion, enables us to lay down pofitive principles 
for purifying the corrupted air of any given 
place. This may be done in three ways. The 
firft confifts in corrcding the vitiated air by 
fnean* of fubftances which are capable of fciz* 
ing the noxious principles^ The fccond con* 
fills in difpiacing the corrupted air, and fubiti* 
ttstingfrefti air in the room of it ; as is done by 
means of ventilators, the agitation of doors, 
iSec. And the third confifts in pouring into 
the mcphitifed atmofphere a ^cw quantity of 

Viral air. 

The 
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The proCcfles cmpldyed in purifying cor- 
rupted air, are not all certain in their efFefls. 
The fires which are lighted for this purpofc 
have no other advantage than to eftablidi af- 
cending currents, and to burn unhealthy exha- 
lations; and perfumes do nothing more than 
difguife the bad fmell, without changing the 
nature of the air, as the experiments of Mr. 
Achard fhew. 



CHAP. III. 

Concerning Nitrogene Gas, Azote, or Atmofpbe^ 

rical Mephitis. 

TT has been long fince afcertained, that air 
-■• which has ferved the purpofes of combuf- 
tion and refpiration, is no longer proper for 
thofe ufes ; the air thus corrupted has been 
diftinguiftied by the names of Phlogifticated 
Air, Mephitifed Air> Atmofpherical Mephitis, 
&c. I call it Nitrogene Gas, for the reafons 
explained in the Preliminary Difcourfe. ^ 

But this refidue of combuftion or refpiration 
is always mixed with a fmall quantity of vital 
air and carbonic acid, which muft be removed 
in order to have the nitrogene gas in a ftate 
of purity. There are feveral methods which 

may 
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^ ^ttiay beufcd to obtain nitrogene gas, in a very- 
pure ftate. -• ; 

r; Schecle has taught us, that by expofing 
fulphureofalkali/or liver of fulphur, in a vef- 
fel filled with atmofphcrical air, the vital air is 
abforbed ; and, when the abforption is com- 
plete, the nitrogene gas remains pure* 

By expofing, in atmofpheric air over mercury, 
a mixture of iron and fulphur, kneaded toge- 
ther with water, Mr. Kirwan obtained nitro- 
gene gas fo pure, that it fufFered no diminution 
by nitrous gas. He deprived it of all humidity, 
byfucceflively introducing dried blotting-paper 
into the veflel which contained it. Care muft 
be taken to withdraw this air in time from the 
pafte whichafFordsit J otherwifeitwill be mixed 
with hydrogene jor inflammable gas, which is 
afterwards difengaged. 2. When by any means, 
fuch as the oxidation of metals, the rancidity of 
oils, the combuftionofphofphorus, &c. the vital 
air of the atmbfphere is abforbed, the refidue is 
nitrogene gas. All thcfe procefles afford me- 
thods of greater or lefs accuracj^ to determine 
the proportions of vital air and nitrogene gas 
in the compofition of the atmofphere, 

3. This mephitis may likewife be procured 
by treating mufcular flc(h, or the well-waihcd 
fibrous part of blood, with nitric acid in the 

hy4ro« 
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hydro-pncumatit apparatus. Bat it imufl: be 
carefully obfervcd that thcfe animal mattem 
ought to be frcfli ; for, if they have begun to 
be changed by the putrid fermentation, ihey 
afford carbonic acid mixed with hydrogene 
gas. 

A. This gas is improper for refpiration and 
combuftion, 

B. Plants live in this air, and freely vege« 
rate in it. 

C. This gas mixes with the other airs, with* 
jOut combining with them. 

D. It is lighter than the atmofpheric air, the 
barometer (landing at 30.46, and Fahrenheit's 
thermometer at 60 : the weight of nitrc^ene 
gas is to that of common air as nine hundred 
and eighty-five to one thoufand. 

E. Mixed with vital air, in the proportion 
of 72 to 28, it conftitutes our atmofphere. 
The other principles which analyfis exhibits in 
the atmofphere, are only accidental, and by 
no means neceiTary* 
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SECTION VI. 

Concerning the Mixture of Nitrogene and 

Oxigcnc Gas ; or of Atmbfphenc Air. 

, •- • •/"■. -f 

THE gafeous futffanccs we Tiave treated 
. of feldom exift alone and infulated ; na. 
turcprefents them every where to our pbferva- 
tibn In a ftate of itiixture or of combination. 



a ■ ^ - • • • . 1 



In tiie flrft cafe thefe gafes prefcrve tVc aeri- 
form ftate ; in the fecbrid they; for ' the moft 
part form fixed and folid bodies.'* Nature^ in 
its feveral decompofitiahs^ reduces ' almoft all 
the principles of bodies into gas, Thefe new 
fubftances unite together, combine^ and from 
thence refult compounds, of confiderable fim- 
plicity in their principles, ,buc which become 
complicated by fubfequent mixture and com- 
binations* We may follow the operations of 
nature, ftep by ftep, .without departing frorti 
the plaj> we have adopted. 

The mixture of about feventy-two parts of 
nitrogene gas, and twenty- eight of oxigene, 
forms this fluid mafs in which we live. Thefe 
two principles are fo well mixed, and each of 
them is fo neceflary to the fupport of the va- 
rioiis fuQdion^ of individuals which live or 

vegetate 
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vegetate upon the globe, that they have not 
yet been found feparate and alone. 

The proportion- of thefc two gafes is ful^- 
jeft to variation in the mixture which forms 
the atmofphere : but this ' difference rdependa 
oxAy upoa local caufc$. : t and the moft wfual 
proportion is that which we have here rn?ii* 
tioned, S 

The ciiaradlcriftip properties of vital air aire 
modified, by thofe of nitrogene gas, and tfiejfc 
modifications even reenn tq b^ necelTarv; for if 
we wei-e to rcJpire vital air fn its flate of purity,, 
it would -Quickly coiiflime bur life ; and this 
virgin aiir is rio more fuitable to our exiftericc 
than diffiUed water. ' Natiire does not appear 
to have defigned us for che ufe of thefe prin- 
ciples in their greaiefl degree of perfcLlion. 

The atmofpheric air is elevated feveral 
leagues above our heads^ and fills the deepeft 
iubterraneous cavities*. It isinvifible, infipid^^ 
inodorous, ponderous, elaftic, &c. It was the 
only gafeous fubflance known before the pre- 
fent epochaof chemiftry ; and the infinite gra- 
dations of all the invilible fluids which prcfcnt- 
ed themfeves fo frequently to the obfcrvation 
df philofophers, were always attributed to mo- 
difications of the air. Almoft the whole of 
what has been written upon the air relates onlv 



to 
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to its phyfical properties. We (hall confine 
outfeives'to point out the chief of thefe. 
*' A; Air is a fluid of extreme rarefaftion, obe- 
dient to the fmalleft motion : the flighteft per-. 
cufRon deranges it ; and its equilibrium, which 
is continually dellroyed, is continually cndea^ 
vouringto reftore itfelf. : :' 1 

Though veiy fluid, it paflTes with difficuhy 
ihrorf^. orifices by means of which: grbflerli-. 
iquldS^catt eafily penetrate. This has caufed 
phlfoitephers to fuppofe that its ^irts wtre of 
a branched form *. 

B. The atmofpheric air is irtVifible, It rt- 
frads the rays of light without ffeftecfling them : 
for It is without iufficient probfr that fomc 
philofophers have imagined tfmt large maflcs 
of thrs fluid afe of a blue colouh ' ^ 

It appears that the air is ihodbroiis itfelf ; 
though it is the vehicle of odorant JDarticlcs. 

It may be confidered as iriflpid*; and when 
its contaft aflfeds us varioufl'y,' we ought to at- 
tribute it to its phyfical qualities. 

Crit ij^as'not until the middle of the laft 



• f This \^% deception. It is true that the cohefive attrac* 
tion renders it difficult to difplace any denfc fluid froni a ca« 
pillary tube by the intrufion of air; but evfjy experiment of 
the air-pump, the condenfor, and the barometer, (hews with 
what facility the air pafles through the fmalleft orifices. T. 

century 
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century that it«- weight was afccrtaincd by ac* 
curate experiments. The impoflibility of fup- 
porting water in a tube open at the bottom^^to a 
greater height than thirty.twofeet, c^ufed Tarr 
ricellius to fufpe<3: that an external caufe fup-^ 
ported the liq[uid at that height, and that it wa^ 
not the horror of a vacuum which precipitated 
the water in the barrels of pumps. This cjele- 

.• ,..1... J ^ . X .1. 

brated philofopher filled a tube clofed at one of 
its extremities with mercury ; he revcirled thi? 
into 4 yefl^l filled with the fame metal ; an^d^obr 
ferved that the mercury, after feveral ofci^lar 
tion», conftaath fublided to the height of t^cn* 
ty-eijght- inches^ He immediately faw th§it.t.l^ 
difFerenoq ofdcvations corjefponded with thf 
jdative wc^tsof.thcfe two fluids, which a^e \s}^ 
the proportion of fourteen to one. The immqr- 
tal Pafchal proved, fome tinae afterwards, that 
liquids were fupported at this elevation by. a 
column of atmofpherical air; and afcertained 
rhat fheir height varies according to the length 
of the column which preflTes upon them. 

D. The elafticity of the air is one ^of the 
properties upon which natural philofophers 
have made the greatcft number of experiments j 
and It has even beeffi appHcti to confiderabl^ 
advantage in the arts. 
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Concerning the G>mbination of C^igenous 
and Hydrogene, whkh forms Water. 



WATER has been lohjj confidered as 
an elementary principle ; and when 

■ 

accurate experiments had compelled chemifls 
to clafs itamon^ compound fubflances^ a refift- 
anceand oppofition were made to it, .which were 
not manifefted when the air. the earth, and the 
Other matters reputed to be elementary, were 
JTubjefled to fimilar revolutions. It feems to 
"me, however, that this analyfis is equally ftridt 
with that of the air. Water is decompofed by 
. feveral proceflcs ; it is formed, by the combi. 
nation of oxigene and hydrogene : and we find 
that all the phenomena of nature and art con- 
jpire to prove the fame truth. What more 
can be required to afford an abfplute certaiilty 
refpetling any phyfical fad ? 

Water is contained in bodies hi a greater or 
lefs quantity, and may be confidered in two 

Vol.. I. L ftatcfr: 
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ftatcs : it is cither in the ftate of fimple mit- 
ture, or in a ftate of combination. In the firft 
cafe, it renders bodies humid^ is perceptible to 
the eye, and may bcdifengagpd with thegreatcft 
facility. In tTic fccond, it exhibits no charac- 
ter which ftiews that it is in a ftate of mixture. 
Ic«]^ftk^i}X ^s.forjsi iiirisryftai^; b\X^ plann^ 
VAvwaX^^^^. It i§ this watw n^hich the ^cetc-* 
brated Bernard has called Cxenerative Water ; 
and of, which he has made a. fifth element^ ta 
diijirigiiith It, nrom exhalative water. 

Wajeir, c^Ifting in a ftate of combination in 
■bpai4 cbnc'iirt 'in 'imparting to them hardncfs 
arii'tphfpar^hcy. Salts, an^ rnoft ftony cryf- 
tgis^ Ibfe their ^ranmarehcy i\ hen thqy are del 
prived bf tTieir.wkter of cryftallization. 

Sortie bodies are indebted to water for their 
fixity. The acids^ for example, acquire fix- 
ity only by cpnibining with water. 

UndA theft various points pf view, water 
may ble'conlTdered as the general cement of 
nature. Ifhe ftones and falts which are depfiy- 
edof it, become pulverulent ; and water faci- 
litates the cpagulation, re-union, and confift- 
cncc of the particles of ftones, falts, &c. as we 
ftiall fee in the operations performecl. with 
plafters, lutes, mortar, ^c, 

Watcri; wlien difengagcd from its combina- 
-•'-■ * tions. 
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tions^ and in a flate of abfolute liberty^ is one 
of the mofl coniiderable agents in the opera- 
tions of this globe. ■ it beistrff' a' part in the for- 
mation and decompofition of all the bodies of 
the minewil king*oiriV ft iii ncdciHif ^6^^eta- 
tion, and to the free exercife of moft of the 
#uYu9:ions^^ of anitmt bodies ; and it h^ftens and 
facilitaitesithedd^riidionof thefe bbdies^/aisfoon 
M they are deprived of the priftcipte of life. 

For a certain timeVater was thoiight to be a 
fliiiid earth. The diftillation, trittiratlon, and 
putrefaftion df water, which always left an 
earthy refidue, afibrcled ck^dit to an opinion 
that it was (Converted into earth. On this 
iubje^, the works of Walletius fcnd MargrafF 
may be ^onfutted: but Mr. Lavoifier has 
ihe^nthftt this earth arifes from the wear of 
1*ic veffels; and the celebrated Scheele has 
'proved the identity of the nature of this earth 
with that of the glafs veflels in which the ope- 
ntions were made. So that the opinioiis of 
the philofophical world are at prefent decided 
-in this refpeit. 

^ 'In order to obtain accurate ideas of a fub-i 
ilkho^ fo neceflary to be kliown, we will confi« 
tier water under its three different flates of fo- 
lidity, fluidity, and gas. 

■ » 
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ARTICLE I. 

• ■1*1- '• 

Concerning Water in the State of Ice. 



Ice is the; natural Hate of water^ whenever it 
ia deprived of a portion of that caloric with 
which it isi ^ combined when it appears in the 
form of a liquid or gas . 

The converiion into icp is attended with fe« 
veral phenomena which feldom vary. 

A. The firit of all» and at the fame time the 
moft extraordinary^ is a fenfible produdtion of 
heat at the moment in which the water pafies 
to the folid ftate. The experiments of Meflrs. 
Fahrenheit, Treiwald, Baumc, De Ratte^ leave 
no doubt on this fubjedl; fo that the water is 
colder at the inftant of congelation than the 
ice itfelf. 

A flight agitation of the fluid facilitates its 
converfion into ice, nearly in the fame manner 
as the flightefl: motion very frequently detcr^ 
Amines the cryft:allization of certain falts. This 
Atifes, perhaps, from the circumfl:ance, that by 
ihis means the caloric, which is interpofed be- 
tween the particles, and may oppofe itfelf to 
the produftiQn of the phenomenon, may be 

expreflcd 
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expreflredordifengaged. In proof of this opini* 
on, it is feen that the thermometer rifes at the 
very (ame inflant, according to Fahrenheit. 

B. Frozen water occupies a larger fpace than 
fluid water: we are indebted to the Academy 
del' Cimento for the proofs- of this truth. In 
their ei^riments^ bomb ihells^and the ftrong-- 
eft.vefieLs, being filled with water/ were burft 
into pieces by the congelation of this fluid* 
The trunks of trees are divided and fplit with 
a loud noife, as foon as the fap freezes ; and fO' 
4ikewife (tones are broken in pieces the mo-: 
iilent the water with which they are impreg* 
nated palfes to the Hate of ice. 

C, Ice appears to be nothing more than a 
confufed cryftallization. Mr. De Mairan ob^ 
ferved that the needle-formed* cryftals of ice 
unite in an angle of either fixty or one hundred 
and twenty degrees. 

Mr. Pelletier obferved, in a piece of fiflulous 
ice, cryftals in the form of flattened triangular 
prifms, .terminated by twO' dehedral fu mmi ts« 

'Mr. Sage obferves, . that if a piece of ice, 
which: contains water in its internal parts, be 
broken^: the water runs out, and the internal 
cavity is found to be. lined with beautiful tetra^ 
hedral prifins, jterminatcd in four-fided {n-ifhis. 
Tbcfe priAm atc.Oftcn articjuh&cd and crofled. 

Vide 
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Vide M- Sag^ . Anaalqi; ;de Cbimdc, t50BfK.^i^ 

Mr. . hb^A^tt has ' obfcrvpok^ thAt v^bcfn it 
foQW3. jifti'M^lbdw, : and tbt« atieofphec^ ;is Sot 
too. dryi the.aic is obfervcd.to be loaded isixh 
bcfiutifuLanyilaUitatiomirfguUdxrflattem 
as tbiiK as!a.>ic»f,cif papdc. iXhc^ iConfi(Q: jo£ aa 
union of fiibrcsjwfaichihootlfnoin; the faniie x:ei|«' 
tHe t6 £Qiin^.fixr{»:hicipal jray^ and. theff cays / 
divide themfclvies intOi fhiall blades extronfl]^ 
briliiant:t br.otifccved. feverai 6f thrift flattened 

radii which mrere ten: tines in diameter, 

» 

. D» When ivs^ter pafi^s from the folid. to thc^ 
liquid ftate^ it produces cold hy, the abforptioa 
of a portioa of heat^ as is: confirmed by the. fine 
experiments of Wilckck' 'This produAiottJof 
cold,'by thie fttfion of. ice, is likewife proved 
by due pradiee of the confedtio6crs, who .fufc 
certain falts with ice, in .order to produce a 
degiPee dfccrfd below oi:/' ' 

Ice isifoilikk Jn^manyi .places in great malles, 
known'fay theiiianiejof Giaciercs ; certain moon- 
taias are corif^antly covered with them, and the 
foutjieraofcean abounds with them; The ice 
formed bylfah water affords frefli water when 
mcltcdfandjinifevcral northern provinces w^tcr 
is faid to becbncentrated by froft^ ro colleft the 
fait 2t holds iafoltttion, I have likewife ob« 

ferved. 
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obfcrvpdv .tb?JE . fevcral metallic; falt.s ai;c pre-. 
cipita|cd by expofing tbeir folutioiis to a tern- ' 
yCfftur^. fy^Qleiit tQ fr<se:^e thein. The ice 
whteh: W*l fpriped 4i4 lipt ppflef3 the charac- 
ttf^.oi the felt which had beein djfTolved* 

. H»JH and fnp w ar« nqthing. b^it modificatioijii 

of ice. We may CQnfidjqr IwU %s oxQcJuccd by 
the fudden difengagement of the efaftic fluid, 
which concurs in rendering water liquid : it is 
almofl: always accohipanied with thunder. The 
experiments ofj Mf . Qijinqua* hfYR.(;Qti6rmed 
this theory. — I will here relate k fa6t to which. 
I Jtny&lf WM witnefri at NfimtpdkPi %h4 of 
which philQii>phQrs may lady^lageoyfly avail 
thi&mfelvQS^ On th^: a9fch ef Qftptater, 1786, 
four inches of wat« fell at M<MJtpiJlier; a vip- 
Unc explofion of thunder^ whieb.^a^bQ^d^out 
fQuriin the eveoing^ ^nd tiihbic:h ^PP'^%C'^4 |o b^ 
very near, (;aufcd a. moft dr^e^dfui (hpwer.flf 
bail. : At this: inftaat; a fli^ggift,. wbp >¥9ts em^ 
ployed in bis celiac irtipre.v^tiogtho mifthwf 
occa^Ded byjt'hefiUmUPO of water, through cht 
wall, was higbjy aftoiiiSxQd. ti>,b^hft4d that. the 
wtKer which ciunethroiigbthQ^^l^fasrtnftftQtly 
changed intaiQd^>> JHie <ci^lk^AOi&i)cral n^igb^ 
tK>urs tQ partake of his furprife, I vifited the 

found 
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well alTured that it could not have pafFcd through 
the wall, which did not exhibit any crack, but 
appeared to be in very good condition. Did 
the lame caufe, which determined the forma- 
tion of hail in the atmofphere^ adt equally in 
this cellar ?-^I relate the fad only, and forbear 
to make any 'cbnjeSure upon it. 

ARTICLE II. 

Concerning Water in the Liquid State. 



I » 



The natural ftate of water appears to be that 
of ice : but its mofl: ufual flateis that of fluidity ; 
and under this form it poflefTes certain general 
properties, which we (hall proceed to defcribe. 

The experiments of the Academy del Ci- 
mento have, caufed the philofophical world to 
deny the lead elafticity to water, becaufe it 
efcaped through the pores of balls of metal 
ftrongly comprefled, rather than yield to pref- 
fure. But MelTrs. Zimmerman, and the abbe 
Mongez, have endeavoured to prove its elafti- 
city from the very experiments tipon which the 
contrary opinion has been built *. 

The 



* ■ ^ ' . 



* The e3cperiffl$9t|pf.Canton, to prore ^he compreflibility 
fi/ water, aie wdl knowo, and may be TceD in the Fhilofo* 
' phical 
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The liquid ftatc renders the force of aggre- 
gation in water lefs powerful, and it enters 
into combination more readily in this form. 
Wkter which flows on the furfacc of our globe 
is never pure. Rain-water is fcldom exempt 
fronx fome mixture, as appears from the fine fe« 
rics of experiments of the celebrated Margraff. 
I have afcertained, at Montpclier, that the rain- 
water in ftOrms is more impure than that of a 
gentle Ihower — that the water which falls firft 
is lefs pure than that which falls after feveral 
hours or feveral days rain — that the water 
which falls when the wind blows from the fea 
to the fouthward, contains fea-falt ; whereas 
that which is produced ,by a northerly wind, 
does not contain a particle. 

Hippocrates has made feveral Very important 
obfervations refpedting the various qualities of 
water, relative to the nature of the foil, the tem- 
peratiire of the climate, &c. 

As it is of importance to the chemift to have 
very pure water for feveral delicate operations, 

phical Tran&dions. He endofed water in fpherical 'g]a& 
veiTelt, from which a narrow neck proceededy like that of a 
thermometer : the water was found to occupy a larger fpace 
whetn the preflhre of the atiAcrfJAeft wiu removed by the air- 
puibpk and a left ipaice wliMi^a> goiter 'jpieflure Wu added by 
^hccondenfot.. T,. • •' .«• ' r. . ^ ».: 



It 



m 

itJs^nccclTary to. point out j^meaps; Vfhich 
ipay be ufed tp carry anjr. ,water whatevjer t;o ,tlu& 
degree of purity, .... ,. ., p,, ^ j. - v • , 

Water is purified* by difi^latiqc-^ Jhi^ op^^ 
ration i$ performed in vei&ls^falled^^lembic$« 
The alembic isi^compofed pf two pieces \ a^QU^B 
or cucurbif^ . ^nd d eavf jring calkd tb^ capital 
or head. - . ,. , ,^ri ' 

The water is, put into the cucurbit^, from 
which it is railed in vs^pouriiby xpea^s of ; firc^ 
9nd thefe vapours are condeiifed by cooling 
the head with coUd watei:. . The condenfed \9^m 
pours f^w into a veife^ d^iigned to receive 
theai« Thi$ i^ called Qi^illed Watery and is^ 
pure^, bccaufe if: has ^eff; behind it in the cuc^rn 
bit the falts and other,, fi^e^ principlei^ wlu(:H 
altered its purity. 

Diftillationi3 more fp^e^y and quick^ inpro-i 
portion as the preffure pf the air is lefs upon 
the furface of the ftagnant flujd. Mr. L^voificr 
diftilled mercery />! vacuo i and the abbe Rqchon 
ha&, made, a happy application of thefe print 
ciples to diftillation. It is to this fame prin- 
ciple that we^muft refer the obfervationsi of al- 
moft all iiaturalifts andphilbrophers, who have 
remarked, that the ebullition in the liquid b?^ 
conges nK>re e^fy^ in p«'opQf iion as we afcend a 
mountain from any other elevation j and it is 

in 



Diji illation of- Water. 155 

in i:<>nfequeace ()f thefc principles, that Mr, 
Achftrd coiiftrtK^ed tn inftrument to determine 
the be^h ts gf mou ntain^, by.thc degrees; of cem^ 
peracure of the ebullidon of boiling water* 
/ The abM Mongez, and Mr. Lamanowj^ ob- 
i€tsfA that ether e v^poratoi with prodigious fa^^ 
cilityjiipoh the peak of Xeoeriffe; and Mr. Dc 
Sauffttre ha& confirmed thefe experiments on 
the mountains of Switzerland. . 
. A true diftillation is carried on every where 
at the furface of our globe* The heat of the 
fun raifes water in the form of vapours; theib 
remain a certain timein.theatmofphere, and 
afterwards fall in the fprm of dew, by fimpic 
refrigeration. Thici rife and fall of humidity, 
which fucceed each other, wafh and purge the 
atmofphereof all thofeparticles^ which by their 
corruption ordevelopmcnt might render it in-- 
fedlious; and it is perhaps this combination of 
various miafmata with water which renders the 
evening dew fo unwholefome. 

It is to a fimilar natural diftillation that we 
ought to refer the alternate tranfition of water 
from the lic^uid ftate to that of vapour, which 
forms clouds, and by. this njeans conveys the 
water from the fea to the fummits of mountains, 
from-^hich it is'ppeci^tatl!d in totwnt9, to re* 

turn ugain to t%e ctMiimoh rrcepcacle^ 

Wc 
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We find traces of the diftillation of water in 
the moil remote ages. The firfl navigators in 
the illands of the Archipelago filled their pots 
with falt-water^ and received the vapour in 
Iponges placed over them. The procefs of dif- 
tilling the water of the fea has been fuccelKvely 
brought to perfedion i and Mr* Poiflbnnier has 
exhibited a very well conftrudted apparatus to 
procure freih water at all times in abundance. 

Pure water requires to be agitated^ and com- 
bined with the air of the atmofphere^ to render 
it wholefome. Hence, no doubt, it is, that 
water immediately produced by melting fnow, 
is unfit to drink. 

The characters of potable water are the foU 
lowing : 

1. A lively, frefh, and agreeable tafte. 

2. The property of boiling readily, and alfo 
that of boiling peafe and other pulfe. 

3. The virtue of diflblving foap without 
curdling. 



ARTICLE III. 

Conccrnirtg Water in the State of Gas. 

■»'■•.• 

Many fwbftances are naturally in the ftate of 
an aeriform fluid, at fhq (kgree.of the tempera-, 

turc 
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tureof ouratmofphere : fuchy for example, are 
the carbonic acid ; and the oxigenous, the hy^ 
.drogenous, and the nitrig^nous gafes. 

Other fubftances evaporate at a degree of 
heat very near that in which we live. Ether 
and alcohol are in this fituation. The fir ft of 
.thefe liquors pafTes to the flate of gas at the 
teipperature of 35 degrees; thefecond, at that 
of 80 (of Reaumur). 

> Some fluids require a ftronger heat for this 
purpofe ; fuch as water, the fulphuric and nitric 
acids, oil, &c* 

To convert water into an aeriform fluid, 
MefTrs. De la Place and Lavoifier filled a glafs 
vefTel with mercury, and rcverfed it over a difh 
filled with the fame metaL Two ounces of wa- 
ter were transferred beneath this veiTel ; and the 
mercury was heated to the ten^pcrature of be- 
tween ninety-five and a hundred of Reaumur, 
by plunging it in a boiler filled with the mother 
water of nitre* The included water became ra- 
refied, and occupied the whole capacity. 

Water, by pafling through earthen vefTels ig* 
nited in the fire, becomes converted into gas, 
according to Priefllcy and Kir wan. The aepli- 
pile, the fleam-engine, the digefler of Papin, 
and the procefs of the glafs-blowers, who blow 
•large globes by injeding a mouthful of water 

through 
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thrdugh their kon tube, |)»ve the convefTwA 
of water into gftSt j ■ ■ ' ■ - " 

It follow$ firdtti thdb^iflcii^^Bi that the V6^ 
Utili2;ation of v^atet being nothing more than a 
dired ceTnbination of calork with this- liquid, 
the portions of ^ter whkh Att the mofft imti4t5. 
diately ejcpofcdto heit/mi^ft IM the firi<t: volaw 
tilized : and this is dAiiy obferVed ; for it is cbn:« 
tinually feen that ebullition begins at the j>4rt: 
hjoft heated. But wheA' the -heat is applied 
equally at all ^it-Sj-the'lSitiHitfoni^ general 

Several phenomena have led us to believe that 
water may be converted into air. The phjcefs 
of the glafs-blowers to bldW large fpheres 5 the 
hydraulic organ' of -father Kircher; the pheno^ 
mena of the' ^olipiife 5 the experiments of 
Meffrs. Priefttey afid Kir wan'; the manner of 
afliftingcombUftion, byfprinklinga fmall qiiair 
tity of water upon the coals-^all thefe cir- 
cumftlnces ap]f>eared to Announce the convcr- 
lion of water inta air# But it was far from be- 
ing fuppofed that moft of thefe phenomena 
were produced by the decompofition of this 
fluid ; and the genius of Mr. Lavoifier was ne- 
x:eirary to carry this point of dodlrine to the 
degree of certainty and precifion, which in my 
opinion it now appears to poflefs. 

Meffrs- Macquer and De la Metherie had 

already 
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already obfcrved, that the combuftion of in- 
flammable air produced much water. Mr. Ca- 
rcndifli confirmed thefe cxperilntiits in Eng- 
land^ bjrthc rapid combuftion of inftaiiimableair 
iand vital air. But Mdff s . Lavoil^er, De la Place, 
Monge, and Meufnier, have proved that the 
^hdlt mafs of the wate?r might btf converted into 
hy»dridjgene and o^figfene ; and that the combaf- 
tion tff thefe two gafes produced a volume of 
watt^propoftioYied to the weight of the two 
printiples employed in this experiment. 

I • If k fmall glafs veiTel be inverted over 
mercury, and' a known quamiiy of diftHlcd wa- 
ter aind fiRnjgi bf iron be put ititothe upper 
^trof this vtflfel, inflamtnabfe^ir will be gra- 
'ddally difengaged, the iron will roft, and the 
Writer which Itnoittens it wiltyimfirtiih, and at 
Ut\^ dilkppear ; the \^eight of the infllamina- 
ble air which is produced, and the augmenta- 
titffi'tn height of the iron, will be equivalent to 
the weight of the water made ufe of. It ap- 
pears therefore to be proved, that the water is 
tedutced ihtotwo principles, the one of which is 
inflammable air, and the other is the principle 
which has entered into combination with the 
metal. Now we know that the oxidation or 
calcination of metals is owing to vital air ; and 
tonfequcntly the two fubftances produced, 

namely 
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namely the vital air and inflammable aifi arile 
from the decompofiiion of water. 

2* When water is converted into the ftate of 
vapour, in its pailage through an ignited iron 
tube^ the iron becomes oxided^ and hydrogene 
is obtained in the ilate of gas. The augmen- 
tacion of weight in the metal^ and the weight 
of the hydrogene obtained^ form precifely a 
fum equal to that of the water employed. 

The experiment made at Paris^ in the prc- 
fence of a numerous commiilioj^ of the Aca- 
demy^ appears to me to leave no further doubt 
concerning the decompolition of water. 

A gun-J^arrel was taken^ into which ^ quan. 
tity of thick iron wire^ flattened by hapmcrin^ 
was introduced. The iron and the gun-rbarra 
.were weighed; the gun-barrel was then covered 
with a lute.proper to defend it from the contad: 
of the air;: it was afterwards placed in a furnace, 
and inclined in fuch a manner as that water 
might run through it. At its moft elevated 
extremity was fixed a funnel defigned to con- 
tain water, and to let it pafs drop by drop by 
means of a cock : this funnel was clofed, Ho 
avoid all evaporation of the water. At the 
other extremity of the gun-barrel was placed a 
tubulated receiver, intended to receive the wa-. 
tcr which might pafs without decompofition; 

and 
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and to the tubulurc of the receiver the pneu- 
n^to-chemical apparatus was adapted. For 
greater precaution^ a vacuum was made in the 
whole apparatus before the operation began. 
Laftly^ as foon as the gun-barrel was red-hot^ 
the water was introduced drop by drop. Much 
hydrogenous gas was obtained: and at the end 
of the experiment the gun-barrel was found to 
have acquired weight ; and the flat pieces of 
iron included within were converted into a 
ftratum of black oxide of iron, or Ethiops 
martial, cryftallized like the iron ore of the 
ifland of Elba. It was afcertained that the iroa 
was in the fame ftate as fhat which is burned in 
oxigenous gas ; and the increafed weight of the 
iron, added to that of the hydrogene, was ac- 
curately equal to that of the water employed. 

The hydrogenous gas obtained was burned 
with a quantity of vital air equal to that which 
had bee'n retained by the iron, and the fix 
ounces of water were rccompofed. 

3. Meflrs. Lavoifier and Dc la Place, by 
burning in a proper apparatus a mixture of 
tburteen parts of hydrogenous gas, and eighty- 
iix of oxigene, obtained a proportionate quan« 
tity of water. Mr. Mongc obtained the fame 
refult at Mezieres, at the fame time. 
.' The moft conciufive and the moft authentic 

Vol, I. M cxpcri- 
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experiment which witt made upon the <:ompo-. 
fition or fynthefls of water, is that which was 
begun on the 23d of May, and ended on the 
7th of June, 1788, at the Royal College, by 
Mr. Lefevre de Gineau. 

The volume of oxigenous gas confumed^ 
when reduced to the preflure of twenty-eight 
inches of mercury, at the temperature of ten 
degrees of the thermometer of Reaumur, was 
35085 (French) cubic inches, and its weight 
25ogros 10,5 grains. 

' The volume of hydrogenous gas was 74967,4 
cubic inches, and the , weight 66 gros 4,3 
grains. . *!.": . •v 

The nitrogenous gas and the carbonic acid 
which were mixed with thefo gafes, and which 
had been extradled out of the receiver at nine 
feveral times, weighed 39,23 grains, 

The'oxigenous gas contained tV of its weight 
of carbonic acid ; fo that the weight of the 
gafes burned was 280 gros 63,8 grains, which 
rnakes 2 pounds 3 ounces o gros 63,8 grains. 

The veffek were opened in the prefence of 
the gentlemen of the Academy of Sciences, and 
feveral other learned men^ and were found to 
•contain 2 pounds 3 ounces o gros 23 grains of 
water : this weight anfwers to that of the gafes 
made ufe of, wanting 3 1 grains ; this deficiency 

,.» ' . may 
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may arifc from the caloric which held the gafcs 
in folution being diffipated when they became 
fixed^ which muft neceflarily have occafioned 
a lofs. 

The water was fubacid to the tafte, and af- 
forded 27! grains of nitric acid, which acid is 

« 

produced by the combination of the nitrogene 
and oxigene gafes. 

- From the experiment of the decompofition 
of water, loopartsof this fluid contained 

Oxigene 84,2636 = 84^. 

Hydrogenc 15,7364 = 151. 
According to the experiment, of its compofi- 
tion, 100 parts of water contained 

Oxigene 84,8 = %j\.\. 

Hydrogenc 15,2 =a 151. 
Independent of thefc experiments of analyfis 
and fynthefis, the phenomena exhibited by wa- 
ter, in its feveral ftates> confirm our ideas with 
regard to the conftituent parts which we ac- 
knowledge it to poflefs. The oxidation of 
metals in the interior parts/ of the earth, at a 
diftance from the atmofpherical air, the efflo- 
refcence of pyrites, ar*d the formation of ochres, 
are phenomena which cannot be explained 
without the afliftance of this theory. 

Water, being compofed of two known prin- 
ciplcsj.muft adt like all other compound bodies 

. M Si which 



which wc know; that is> according to the 
affinities of its con-ftituent parts. It muft thcrjc- 
ibre in fomc inftances yield its hydrogenej an4 
in others its oxigene. 

If it be placed in contadl with Wlics which 
have the ilrongeft afHnity with oxigene^ fuch a^ 
the metala, oils, charcoal, &c, the oxigenous 
principle will unite with thcfe fubftances ; anc} 
the hydrogeae, being fet at liberty, will be. difr 
iipated. This happens when hydrogene gas vk 
difengaged^ by caufirig thp acids to adl upon 
certain metals ; or when red-hot iron is plunged 
in water, a§ Meffrs. Haflenfratz, Stoulfz, and 
D'Hellancourt have oj^fcrved^ 

In vegetables, on the cofitrary, it feenns that 
the hydrogene is th? principle which fixes it-; 
felf; while the oxigene is.eafily difengagcd, 
and niakes its efcape. 



SEC^ 
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SECTION VIII. 

Concerning the Combinations of Nitrogene 
Gas, 1. With Hydrogene Gas. 2. With 
the Earthy Principles for naing the Alkalis* 

IT appears to be proved, that the combina- 
tion of nitrogene gas with hydrogene forms 
one of the fubftances comprifed in the clafs of 
alkalis. It is very probable that the others are 
compofed of this fame gas and an earthy bafis. 
It is from theffe confi derations that we have * 
thought proper to place thofe fubftances here: 
and we have adopted that decifion with fo much 
the more foundation, becaufe the knowledge of 
alkalis is indifpenfably neccffary to enable us to 
proceed with order in a courfe of chemiftry ; 
and becaufe thefe re-agents arc moft frequent- 
ly employed, and their combinations and ufes 
prefent themfelves at every ftep in the pheno- 
mena of nature and art. 

It is an eftablifhed convention to call every 
fubftancc an Alkali, which is charadterifed by 
the following properties : 

A. An acrid, burning, urinous tafte^* 

B. The property of converting fyrup of vio- 
lets green; but not the tiniSlure of turnfole, as 
certain authors announce. 

C. The 
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C. The virtue of forming glafs^ when fufed ' 
with quartzofe fubftances, 

D. The faculty, of rendering oils mifciblc. 
with water; of effervefcing with certain acids; 
and of forming neutral falts with all of them. 

• I muft obfcrvc that none of thefe characters 
is rigorous and cxclufivc; and that confequenu 
ly no one of them is fufficient to afford a cer- 
tainty of the exiftence of an, alkali : but the re- 
union of feveral forms, by their concurrence, 
a mafs of proofs or indications, which lead us 
to fufficient evidence. ' . ' 

The alkalis are divided into fixed alkalis and 
volatile alkalis. This diftindtion is eflabliftied '"' 
upon the fmell of thefe fubftanccs; the former 
are not volatilized, even in the- focus of the 
burning mirror, and emit no characfteriftic 
fmell'; whereas the latter are eafily reduced in- 
to vapour, and emit a very penetrating odour. 



CHAP. I. 

Concerning Fixed Alkalis. 

NO more than two kinds of fixed alkalis 
have hitherto been difcovered : the one 
which is called Vegetable Alkali, or Pot-Afh; 
the other Mineral Alkali, or Soda. 

ARTI- 
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ARTICLE I. 

Concerning the Vegetable Alkali, or Pot-Afh. 

This alkali may be extra(5ted from various 
fubftances; and it is more or lefs pure, accord- 
ingly as it is afforded by one fubftance or ano- 
ther. Several varieties are made in commerce, 
to which different names have been affixed, and 
"which are indifpenfably necelfary to be known. 
The chemifl may indeed confound all thefedif- 
tindtions, in his writings, under one lingle de- 
nomination : but the diftindlions eftablifhed by 
the artifts are founded upon a feries of experi- 
ments, which halve proved that the virtues of 
thefe feveral alkalis are very different ; and this 
conftant variety in their effefts appears to mc 
to juftify the various denominations affigned 
to them. 

1 . The alkali extrafted from the lixivium of 
wood-a(hes, is known by the name of Salin. 
The falin calcined, and by this means difen- 
gaged from Jill the blackening principles, forms 
pot-afh. 

• The afhes are more or lefs rich in alkali, ac- 
cording to the nature of the wood which affords 
them ; in general, hard woods contain the moft. 
The afhes of beech afford from 1 1 to ijlb. per 

quintal. 
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quintal, according to the experiments which I 
have made in the large way, at St. Sauveur 5 
thofe of box afforded from 12 to 141b. The 
tables drawn up by the feveral adminiftrators 
of the gunpowder and faltpetre manufadories 
may be confulted, refpedling the quantity of 
alkali afforded by the combuftion of feveral 
plants: they ufed 40001b. of each in their va- 
rious experiments. 

To extradl this alkali, nothing more is nece£- 
fary than to walh the aftics, and to concentrate 
the diflblution in boilers. of cad iron. It is on 
account of the alkali that wood afhes are em- 
ployed in the lixiviums ufed by laundrefles ar 
bleachers. The ufe of alkali, in this cafe, is to 
.combine with the fat fubftances, and to render 
.them foluble in water. \ 

Almoft all the pot-afli fold in commerce for 
the ufe of our glafs-houfcs, our foap-makers, 
*our bleaching-grounds, &c. is fabricated in the 
north, where the abundance of wood admits of 
its being applied to this (ingVe purpofe. We 
4night eftablifli works of this kind to fufficient 
advantage in the forefts of our kingdom. But 
there is more to be done than is generally fup- 
pofed, before the inhabitants of the mountmins 
can be turned towards this fpecies of induftry, 
I have experienced this difficulty in the attempts 

and 
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atid very confiderablc facrifices which I have 
made to fecure this refource in the neighbour- 
hood of Laigoual and Lefperou. The accurate 
calculations which I have made^ have neverthe- 
lefs proved that the pot-alh would coft only 
from 15 to 17 livres the quintal, whereas we 
purchafe that from the north at 30 or 40 
livres. 

2. .The lees of wine is almofl: totally con- 
verted into alkali by combuftion. This alkali 
is called Cendres Cravelees : it has almofl al- 
ways a greenifh colour. This alkali is confi- 
dered as very pure. 

3, The combuftion of tartar of wine like- 
wife affords an alkali of confiderable purity. 
It is ufually burned wrapped up in paper, in 
fmall packets, which are dipped in water, and 
afterwards expofed upon burning coals. In 
order to purify it, the refiduc of the combuftion 
is dilTolved jin water, the folution concentrated 
by fire, the foreign falts feparated in proportion 
as they precipitate; and a very pure alkali is 
at laft obtained, which is known by the name 
of Salt of Tartar. 

To procure fait of tartar niore Ipeedily, as 
w41 M more economically, I bum a mixture of 
^xial parts of nitrate of pot-alh, or common 

nitre 
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nitre and tartar. The rcfidue, after lixiviation^ • 
affords a beautiful fait of tartar. 

Salt of tartar is the alkali moll commonly 
employed in medical ufes; it is.givpn in the 
dofe of feveral grains. 

4. If faltpetre be fufed upon charcoal, the 
acid is decompofed and diflipated, while the 
alkali remains alone and difengaged : this is 
called Extemporaneous Alkali. 

When? the vegetable alkali has been brought 
to the greateft ftate of purity, it attradts the hu- 
midity of the air, and is refolved into a liquor* ^ 
In this ftate it is known by the very improper 
name of Oil of Tartar per Deliquium. . ^ 



ARTICLE 11. 

Concerning the Mineral Alkali, or Soda. 

The Mineral Alkali has been fo called, bc- 
caufe it forms the bafis of marine fait. 

It is obtained from marine plants by com- 
buftion : for this purpofe heaps of the faline 
plants are formed ; and at the fide of thefe heaps 
a round cavity is dug, which is enlarged towards 
the bottom, and is three or four feet in depth : 
this is the fire-place in which the vegetables arc 
burned. The combuftion is kept up without 

interrupt 
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Interruption for fcveral days ; and when all the 
plants are confumedj a mafs of alkaline fait is 
found remaining^ which is cut into pieces^ to 
facilitate its carriage and fale. This is known 
by the name of Rock Soda, or Soda. 
/ All marine plants do not afford foda of the 
fame quality. The barilla of Spain affords the 
beautiful foda of Alicant. I am aifured that we 
might cultivate it upon our coafls in the Medi- 
terranean, with the greatcft fuccefs. This cul- 
ture is highly interefting to the arts and com- 
mierce; and government Ought to encourage 
f his new fpecies of induflry. But an individusll, 
however inclined or devoted to the public good, 
might make vain efforts to appropriate this com^ 
merce to our advantage, if he were not power- 
fully affifted by government ; becaufe the Spa- 
nifli miniflry has prohibited the exportation of 
the feed of barilla, under the ftrongeft penal- 
ties. In Languedoc, and in Provence, we cul- 
tivate on the banks of our ponds a plant known 
by the name of Salicor, which affords foda of a 
good quality ; but the plants which grow with- 
out cultivation produce an inferior fort. I have 
made an accurate analyfis of each fpecies, the 
refults of which may be fecn at the article ■ 
Yerrerie of the Encyclopedie Metbodique^ 
. The miaeral alkali is cleared of all hetero- 
geneous 
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gcneous falts by diflblving it in water, and fc- 
parating the feveral falts in proportion as they 
fall down. The.laft portion of the fluid being 
concentrated affords thefoda, which cryftallizca 
in rhomboidal odlahedrons. 

The mineral alkali is fometimes founxi in a 
native ftate: in Egypt it is known by the name 
of Natron. The two lakes of Natron defcribcd 
by Sicard and Mr. Volncy^ are lituated in the 
dcfert of Chaiat, or §t» Macairc, to the weft 
of Delta. Their bed is a natural cavity of three 
or four leagues in length, and a quarter of i 
league in breadth ; the bottom is folid and ftony. 
It is dry during nine months in the year; but 
in winter a water of a violet-red colour oozes 
.out of the earth, wh\ch fills the lake to five 
or fix feet in depth : the return of the heat of 
fummer evaporates this, and leaves a bed of 
fait behind it of two feet in thicknefs, which 
is dug out with bars of iron. The quantity 
obtained annually amounts to 36,000 quin- 
tals. 

Mr. Prouft found natron upon the fchifti 
which form the foundation of the town of An- 
gers; the fame chemift iikewife found it upon 
a ftone from the falpetriere of Paris. 

The mineral alkali differs from the vege- 
table, bccaufe — i. It is lefs cauftic. 2. It is fo 

far 
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far from attrading humidity, that it cfflorefccs 
in the air, 3. It cryftallizcs in rhomboidal 
octahedrons. 4. It forms different produds 
-with the fame bafcs. 5. It is more proper for 
vitrification. 

i Do the alkalis exift ready formed in vegeta- 
bles, or are they the produ^S of the fevcral 
operations made ufe of in extradling them ?— 
This queftion has divided the opinions of chc- 
mi(ls« Du Hamel andGrofle proved, in 1732, 
the exiftence of alkali in cream of tartar, by 
treating it with the fame nitric, fulphuric, and 
other acids. MargrafF has given additional 
proofs of this, in a Memoir which forms the 
twenty- fifth of his coUedtion. RoucUe read a 
Memoir to the Academy on the 14th of June, 
1769, upon the lame fubjedl : he even affirms 
that he was acquainted with this truth before 
the work of Margraffappeared.- — Sec the Jour- 
nal de Phyfique, vol. i. 

Rouelle, and the marquis De Bullion, proved^ 
that tartar exifts in muft. 

It muft not be concluded from the exiftence 
of an alkali in vegetables, that this fait is there 
found in a difengaged ftate. On the contraiy, 
it is found combined with acids, oils, &c. 

The alkalis, fuch as we have defcribcd them, 
even after they have been difengaged from 

every 
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every mixture, by folution, filtration, and eva- 
poration, are not ncverthclefs in that ftate of 
purity and difengagement, which is neceflary to 
be obtained in many cafes : they are nearly in 
the ftate of neutral falts, by their combination 
with the carbonic acid. When it is required to 
difengage this acid, the alkali muft be dilFol ved 
in water,and quick.lime then flaked in the folu- 
tion. This fubftance feizes the carbonic acid of 
the alkali, ^nd gives out its caloric in exchange. 
We fliall fpeak of the circumftances of thiff 
operation when we fhall have occafion to treat 
of lime. Thealkali being deprived of the car- 
bonic acid, no longer efFervefces with other 
acids; it is more cauftic, and more violent in 
its adlion ; unites more eafity to oils ; and is 
then called Cauftic Alkali, Pure Pot-afti, or 
Pure Soda. 

When this alkali is evaporated, and brought 
into the dry form, it is known by the name of 
tapis Caufticus. The corrofive virtue of this 
fubftance depends principally upon the avidity 
with which it feizes humidity, and falls into 
deliquium. 

The cauftic alkali, as it is ufually prepared, 
always contains a fmall quantity of carbonic 
acid, filiceous earth, iron, lime, &c. Mr. Ber- 
thollet has propofed the following means of 

purifying 
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purifying it : — He concentrates the cauftic lix- 
ivium until it has acquired a flight degree of 
confiftence \ at which period he mixes it with 
alcohol, and draws off a portion by diftillation. 
As foon as the retort is become cold, he finds 
it to contain cryflals, mixed with a blackiih 
earth, in a fmall quantity of liquor of a dark 
colour, which is feparated from the folution of 
alkali in the alcohol, which fwims above like an 
oil. Thefe cryftals confift of the alkali fatu- 
'rated with the carbonic acid, and are infoluble 
in fpirit of wine; the depofition confifts of 
Siliceous earth, lime, iron, &c. 
• The cauftic alkali in a ftate of great purity, 
Tdiffolved in the akohol^ fwims above the aque- 
ous folution which contains the ejffervefcent 
alkali. If the fpirituous folution of alkali be 
concentrated on the fand-bath, trartfparent 
cryftals are formed, which confift of the pure 
alkali itfelf ; thefe cryftals appear to be fornKd 
b^ quadrangular pyramids inferted one in ano- 
ther J they are very deliqiiefcent, are foluble in 
^ater and in alcohol, and produce cold by 
their folution. — See the Journal de Phyfique^ 
1786, page 401. 

The alkalis we have juft fpoken of, com- 
bine eafily with fulphur. 

This combination maybe effected — 1# By the 

fufion 
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fufion of equal part3 of alkali and fulphur. 
2. By digefting the pure and liquid alkali upon 
fulphur. — 'In thefe cafes the alkali becomes of 
a rcddifli-yellow colour. 

The folutions of fulphur in alkali are known by 
the name of Livers of Sulphur, Sulpihures of Al- 
kali, &c. They emit an ofFenfive^fmell, refexxi- 
bling that of rotten eggs. This is occafioned 
by the efc^pe of the itinking gas, called. He- 
patic Gas.. 

The fulphur may be precipitated by acids i 
and the refult of this precipitation is what the 
ancient chcmifts diftinguifhed by the name of 
Milk of Sulphur, and Magiftery of Sulphur. 

Thefe fulphures or hepars diflblvc metals« 
Gold itfelf may be fo divided by this means a? 
to palf through filters. Stahl has fuppofed 
that Mofes made ufe of this method to enable 
the Ifraelites to drink the golden calf. 

•Though the analyfis of the two alkalis has 
not been made with ftriQnefs, feveral experi* 
ments lead us to believe that nitrogene isonec^ 
their principles. Mr. Thouvenel, having cx» 
pofed waflied chalk to the exhalations of ani- 
mal fubftances in putrefadtion, obtained nitrate 
of pot-afh, or common nitre. I have repeated 
this experiment in a clofed chamber of fix feet 
fquare. Twenty-five pounds of chalk walhed 
in warm water, and expofed to the exhalation of 

bullock's 
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bullock's blood in putrefadlion during eleven 
months, afforded nine ounces of nitrate of lime, 
in a dried (late t and three ounfces one gros of 
cryftals of nitrate of pot-afli, or common nitre. 
The repeated diilillatidn of foapadecom- 
pofcs them> and affords ammoniac. Now the 
aoalyiis of this.lail^rby Mr. Bertholl^t;: pr(m| 
the jcxiftence of nitrogenous ga3.as one ot^iiI 
conftituent parts. *There. is tberofqce.rp^9p CA 
appfiehend that nitrogene gas is; one. of the 
principles of-alkalis. - ; : 

. . The experiments of Mr. ThouywQU as i^^H 
Vk\p\Y own> U^ ipe to l^lieve that t;his ^gaSj 
)fhen con^bined with linoe, forms, pot-afli, or 
t^c Aregetable alkali ; whUe its union with ntag<- 
nefia forn:>s foda,.. This laft opinion is fupport^ 
^ t^ jtihe experhnents — i ; Of Debne, who ob* 
tailed' magnei;a from foda (fee Crell's Chemi- 
cal Annals, 1 7^.1 , page 5 3). 2 . Of Mr. Dcyeux^ 
who I obtained iimilar refults even before Mr.* 
Dcluie. 3; Of Mr. Lprgna, who obtained n^uch 
magnclia j)y difiblving, evaporating, and caU 
cining foda repeatedly (Journal de Phyfique, 
^jS?). Mr. Ofburg confirn^ed thefe various 
Cf pcr^cnts in 1 7 8,5 . 
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' OncerniBg dtAmoniac^ or fbe VbIuHU Alkalu 

, . . . ■ - • 

C1|UR i^iearches have not hitherto exhibittc} 
^ ' more than one Ipeeies of volatile tSkklL 
Its Ibrmation af^years to be owmg to putre&te- 
tion I and though the diftilktion of HSm 
fchifti affords it, yet this circnrnftaoce toxfha 
attributect to their origin; \rhich is pretty^ ige« 
nerstlly ^(cfibed ta Vegdtable and aniihaldCii 
Compc^ti^fi. We find frequently enough, in 
tfaefe flibftafide^^^ the {Hfint of fifhes^ whkh Is 
in favour olf this opinion.- S6me plants likcfmlB 
afford volatile alkali ; for 'which reafon tbey 
have been oalled Animal Plants. Bat the y^ 
latile alkali is more ^fpecially affbrded by ani- 
mal fiiblblhGestthe^ diilillation 6f all their 
parts aflbrds it in conftderable abundance* 
Horns are employed in prefference^ becauftthey 
are refolvedalmofl: entirely Into oil and volatile 
alfcalt. -Tbe putrefedidn bP all animal foS* 
ftances produces volatile alkali i and xntfafi 
cafe, as well as in diilillation, it is formed by the 
combination of its two conftituent parts : for the 
analyfis very often fails in exhibiting any alkali 
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tmdy formed^ in fuch parts «i diftillation or pii* 
tt!«fiiftioA iirould abundantly afford it from* 
Aimofl: all the volatile alkali made ufe of Iq 

• * — * * 

Mhimerce or medicine^ is afforded by the de« 

» .... 

^ompofition of fat ammoniac. It is even on ac« 
CMntof tAis circumffailce that this chtmiftg 
who have drawn up the New NofrieiiebtiAt 
tiaft« diftinguifked the volatile idkidi by the ' 
name of Aifamoniac ^ 

''^'Ito obtain atnmoniac in a ftate of eonfidera<^ 
bk purity^ equal paftsi of fifted qmckJime and 
iMnriate of ammoniac^ or ccminlon Sxl tmtnonii^ 
ftc in powdir^ are miieed. This mixture is then 
Shtroduced into a retort^ to ivhich a receiver 
and the apparatus of Woulfehavebeenadapted; 
A quantity of pure watdr is to be put into the 
bottles, correfpondent to the weight of the fait 
cmplojred ; dtid the jun<5lures of the veflels are. 
made good with the ufual lutes. The amrno^ 
ntac iidifei^aged in the ftate of gas, at the firft 
impreflioii of the fire. It combines with the 
water M^th heat ; and when the water of the firft 
inittlc is faturated, the gas paffes to that of the 
iecond, and (aturates it in its turn. 

Volatile alkali is known by its very firong 3ftV- 
but not difi^eeabie fmelK It is eafily reduci- 
ble into the ftate of gas, and preferves this form 
at the temperature of the atmofphcre. This g» 
* N • may 
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J^y: \>P. pbtatit<)4 ^y-decoitipoffiig' the tmxiJMf 
of /({fin[V3fiiac;tby:q^^^ and receiving the 

fjrodujfl: GVef -niercury. . 
. r^^line^ gfjis kills ;animals^ and corrodes the 
flcin. .The irritation is fucHtthat^Ihave feen 
pirnples; ajrxCe all over the bodies x)f fome birds 
<5xpqfed:t^4pi atnuifpbef e. 
' ;]T|^i^^|if^ mip{Y)pep>fw combu^i^n 1 but- if 
a taper be gently immerf? d- in it^ jche flame 1$ 
cs^Jarged b(;fpi;C;it goe$ Qm,,^^nd th^ gas fiiffcrs 
f^^c^ojT^pofijU^n* , Alkaline gas isJightertljan 
atmoiphe^q ^ir ;, and h|$ even been mentionedt 
P9 account of Usf-'lightnefs^ .as a proper /ub<f 
ftaiHce tO;^U baUoons.-;The;;Cpunt De Milljt 
pr9ppfe^,'jto place a brazi,cr^ . pi; vefiel contain^ 
ing &f€i under the^. baHqpn, to keep th^ gaa ill 
il§ grcateft ftate offexpanfibility. ; / • .. ,.\ 

Tiierg3cp«Jfinicnts<)f Dr,, Prfeftley, ^vho chang* 
ed alHsli9??.ga§.into;hjfdrogene gasfby mcam 
of the e|e6lric ipsmk; thof? .of the: chevaMer 
Laudriani, who, by puffing the fame gas through 
ig^^ited glafs tubeS| obtained a large quantity 
of hydrogenous gas— occafioned a fufpicion 
of the exiftence of hydrogene among the pria* 
ciples of alkaline gas. But the experiments 
of Mr. BcrthoUet have removed all doubts on 
this fubjedj and all obferv^tions appear to 
Ignite in authpriiing us to confider this alkali. 

as 
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as. a compound ofi the nitrogenous undtiy^roi^^ 
gcncMis^fe^ ^\'.'"' ' ■'*^' ^ ^' • '.-♦- ^***-> ^-lii-i *»i 

I. If the (ixigenated muriatic acid Se-mixedji 
with very pure amittoniaCi.'«i'*«ifcryefeencc 
takes, place/ witif a difcngagrmeiitiaDfi^itjpogci. 
nous gas^ a prodtkStion of water, and a coifvefii*- 
Hon. of the oxigenated acid intoi ^the iordinary 
muriatic, acid, 'in this beai&ifut ^experiitienr^: 
the water which- is: produced is: formedj by the' 
combination of the hydrdgene of the atKadiand 
the oxigene of the acid$ and the nitrogie^e gas: 
being fet at liberty^ is^ diflipated. 

2t. When the nitrate of ammoniac is expofed 
to diftillation^ nitrogcne gas is obtained^, and a 
greater quantity of water is found in the re« 
ceiver than thefaltitfelf contained... After the 
operation^ the ammoniac is* found no longer ta 
exift. The water of the receiver is flightly 
charged with a fmall quantity of ^nitric acidy 
which had paf!ed over. In this cafe/ the hy* 
drogene.of the alkali^ and the^ oxigene of the 
acid^ form the^water in the receiver^ wtiil6 th« 
nitrogenous gas efca^sr • i^ • .... • »:ji * 

If the oxides of copper or gold be faeited 

with ammoniacal ga6> tHe^pnodviiift iir ^^t^ aiid 

nitrogenous gasj and the mdtals are reducedj ' 

- I have ol^fervedthat the 'Oxides of brlenic^ 

being digefted . with j,ammoni|ic> arerrfducedi 

:i- and 



and offlc(i;fprm o^hci}raI ctyiUyb of arfenic^ 
Iri this cafe there is a difengagement of mtnv« 
gene gav sind a formation of rwater. 

It very ioftf a happens when metitls^ fuch as 
aq>perior tin^ are diflolvied by means of the 
lutrio acid/that anabfcMrptioin of air takes place^. 
iniftead of a. difengigement of liitrous gas, aa 
ipdght be expdfted : I have feeti feveral pcrfona 
yeiry much atnbarrafled.'in fiich cafes, and I 
have often been to myfelf^. This phenomenon 
takes place more efpeciiitly when a very con« 
centrated acid is made ufe of^ and the copper 
il in fine filings : in this cafe ammoniac is pro- 
duced.. . I ha^c ihewn this fa6t to my auditors 
long before I wai& acquainted with.tbe theory 
cyf its ibrmation. That Whkh led me to {utpe& 
its exiflenccj was the blue colour, whinh the 
folution takes in this cafe. This ammoniac is 
produced by the combination of the hydrogene 
of the Winter with the nitrogene gas of the ni* 
trie acid ; while the oxigene of the fame acid, 
and that of the water, oxided the metal, and 
prepared it for folution* It is to a fimilar caufe 
that we muft refer the experiment of Mr, Jcrfin 
Miichael HaliiTman of Colmar, who by paffing 
nitrous ga3 through a certain quantity of preci- 
pitate of iroHjin the mercurial apparatus^ ob- 
served that thi^ gas was ipeedily abforbed, and 

the 
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the colour of the iron changed; at the fame 
time that vaiwir of anomoniac ^vm found in the 
veflels. It is by a fimilar theory we may ac. 
cdtiht for the foHnation of alkaUne gas^' b^ tilie 
mixture of hepatic gas and nitrous j^s over 
mercury^ as Mr. Kirwaa obfervcs# . - 

Mr. Auftin formed ammoniac ; but heotah 
ferved that the combination of pitrogenous jgpur 
with the bafe of hydrogene does not take places 
unlefs this laft is in a date of great condenfa*^ 
tion* 

The formation of ammoniac by diftiU^tioii 
and putrefaftion, appears to me likewile to iiu 
dicate its conftituent parts. In faO:^ there is in 
both thefe operations a difen^pfgement of hy^ 
drcigene^ and nitrogene gas, and their cooibina. 
tionpiroduces s^nimoniac^ 

Mr. Bertholljet has proved, by the waf of de« 
compofition, that one thoufand parts of ammo^ 
nific, by weight, are compoled of about eight 
hundred and feven of nitrogene gas, and onu^ 
hundred and ninety-three of hydrogene gas# 
«^ee the coUedion of the Royal Academy, 

1784* page 316. 
According to Dr. Auftin, the nitrogene gas 

is in proportion to the hydrogene, as one hun^ 

dred and twenty*-one to thirty-two. 

SEC 
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,. >wkh ceftaiu Safes, forming Acids. 

IT appears trf be out 6f dbiibt; tnat theb6dies' 
' wfiiich'weare agreed to' Call Acids, are com- 
biniatioris of' vital air with a certain elementary 
filbftancc; TKe analyfis of almoft all the acids^ 
•Wliofe c6fnpbncht parts are known, eftabiiflies 
this truth in a pofitive manner; and it is on 
account 6f this property that the denomination 
of Oxigenbus <jas has been given to vital air.- • 
^* Every fubftaricfe which pofleffes the folio w- 
inj^ fjfbppirties is called ah Acid : 
'^ A. The wbrdT^^r, which is ufually employ- 
ed to denote the imprcflioii or lively and Iharp 
fenfation produced on thd tongue by certain 
boditSi may he regarded as fynonymous to the 
woricf^r/^'* The only difference which may be 

w 

iftkWiflied between them is, that the one de- 
notes ^ wdak fenfation, whereas the other com* 
prehends all the degrees of force from the leaft 
perceptible tafte to the greateft degree of cau- 
fticity.* We fay that verjuice, goofeberries, or 
!emons» ztt/our; but we ufe the word '^ri^ to 
cxprefs the impreffion which the nitric^ fulphu- 
ric, or muriatic acids make upon the tongue. 
*" ^ The 
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The caufticity'€>f ^cids appeaiis^ to arife frdm 
their ftrong tendcncfy tb combination; and it 
ist from this* property that the immortal New- 
ton has defined them to be bodies which attracfl 
and are attradbcfd.- 

■ It is alfo from Ifhis- property that-cer-t^in che- 
miftsbave fuppofed acids to bi^ {joiQtedtK)dies. 

On account ofthisdccided tendency to com- 
bination which acids poiTefs, it feldom happens 
that tire find them in a difengaged (late. 

B. A fecond property of acids is that of 
changing certain blue vegetable colours into 
red, • luch as the colour of turnfole^ fyrup of 
violets, &c. Thefe two re-agents are common- 
ly ufed to afcertarn the prefence of acids. 

'Thetindtire of turnible is prepaid by light* 
ly infaiing in water that fubflance which is 
known in common under the natneof Turnfole 
or Litmus. If the water be too lightly charged 
with the colouring matter, theinfufion has. a 
violet tinge, and mud in that cafe be diluted 
with water until it becomes blue. Thetino. 
turc of tumfole, when expofed to the fun, be- 
comes red, even in clofed velTcls; and fome time 
afterwards the colouring part is difengaged, and 
falls ck>wn in thcfform of a mucilaginous difco-* 
loured fubftance. Alcohol may be.ufed inftead 
of water in the preparation of thi| tin&ure. 

It 
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]Lt is generally fuppof€4;tb;|t the jturnfole fa« 
bricatedin HoUan<^ is i|ot:biqgr|iK>re than the 
colouring mattt^r extrafted from the rags or 
cloths of tiirnfole of Grand«>Galarguc$» and 
precipitated upon a marly earth. Thefe rags 
f are prepared by impregnating them ^ith the 
juice of' nj^tlhade (morelle), and expofing 
them to the vapour of urine^ which develops 
their blue colour* The rags are fent into HoU 
land> which has given rife to the opinion duit 
they arc ufed in the fabrication of turnfole ; but 
fubfequent enquiries have taught me that tjiefe 
cloths are fent to the dealets in cheefe^ who ex-^ 
tradi: a colour by infufion> and walh their chcefcs 
with iti to give them a red colour. I am cohh 
vinced by the analyfis of turnfole^ that the co- 
louring matter is of the fame nature as that of 
archil {orfbille) ; and that this principle is fix- 
ed on a calcareous earthy and afmall quantity 
of pot-^afh. In confequence of this analyfi89 
I have endeavoured to caufe the liken parellus 
of Auvergne to ferment with urine, lime, and 
alkali ; and I obtained a pafle fimilar to that of 
turnfole. The addition of alkali appears to me 
to be nc^elTary to prevent the development of 
the red colour, which, when combined with 
the blue, forms the violet of the archil. 

When any concentrated acid is to be tried 

with 
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widi fyrup of viol^tt» there ire two particulars 
to be attended to. x • The fymp of violets is 
often green» betiaufe the petal 4>f the violet coo. 
tains a yellow part at its bafe^ which, when 
combined with the blue, forms this green co-. 
lour : it is therefore eflential to employ only 
the blue of the petal in order to have a beauti*^ 
ful blue infufion. 2. Care mud be taken to 
dilute the fyrup with a certain quantity of wa- 
ter ; becaufe otherwife concentrated acids, fuch 
as the fulphuric, would bum it, and form acoal» 

The fimple infufion of violets may be ufed 
inftead of the fyrap« 

The colouring matter of indigo is not fen^^ 
fible to the impreflton of acids. The fulphuric 
add difiblves it without altering the colour. 

. C A third chaiaAer of acids is, they effervefbe 
with alkalis; but this property is not generaU 
I. Becaufe the carbonic acid, and almoft all 
weak acids, cannot be diftinguiihed by this pro- 
perty. 3. Becaufe the pureft alkalis combine 
with acids, without motion or cffervefcence. 

Is there not one fingle acid in nature, of 
'Which the others may be only modifications t' 

Paracdfus admitted an univerfal principle 
of acidity, which communicated tafte and fo« 
Ittbility to all its compounds. 

Sccber believed that this principle was com« 

pofed 
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pofed'Of \?aceria«d vitfifi^blc carrrh. - StahlOT^ 
deavoured'co^^DCor^e tfaat4^^ fatphuHc acid was 
thiCL univei1&litt1d;iand his opinfDtv was adopted' 
byriTioftxhemiilVfer^aloTig time.*'*;'; • - 

v Lang after the timer of Stahl,': Meyer niain- 
ta;ined that , the; acid efement . was= contained in 
fireii .ThiS'fyftcm, which i is fpuftried on fccr- 
tain khowii fadt&j has had its fupporters. 
..,:The chevaliers Landriarii im^iried he had 
fucceeded in reducing all the.acxds to the car- 
bdnic acid ; becaufej by treating them all with 
different fubftances, he obtained this laft as the 
conftant refult of his analyfif . He was led into 
anerror, for want of having fufjicicntlyattehded 
to the decompolition of the acids he madeQ&of^ 
and the combination of their oxigene withliibe 
carbone of the bodies which«entered intio hisex^ 
periments, and produced the carbonic acid. 
. ! Laft ly, the ftrijfl analy fis and fynthefis of mojft . 
of the known acids, . haveqpravcd to Mr. La- 
voificr that- oxigene is the bafe of alLof them; 
and that their, differences and varieties arife 
only from the fubftance with. which this com- 
mon prinxriple is combined. 
. . Oxigene united with metals forms oxides ; 
and among thefe laft there are fome which pof- 
fefs acid charadlers, and are claffcd^amongft 
acid fubftaaecs. . . . . 
: .; Oxigene 
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. ) Tflieajiftion'ofj-s^dds* u|5dn b^ies ifl gweral 
cgj^ippt be iHid€ritj[H><t'but:bjrJ9undAJig bur ed^ 
pIjup^tionS'UpQfltlvsdata w^iQhc^KCrhave eftar 
IHHfe^^ rj^fp^i»g:tbe najm:«s?flJb^r^^r>ilii;uc»i 

*, . ; Jlie a^hciipo! og Q«igpoe*ei*iie rhSfei is) more 
pr^ lcfs^-ftrpiig,,iin,;lpe, feyera^aiciris, andr^qonft* 
^uently t^heir ^j^ompoficion ismore or J[e&eaf)ci 
as^ f|^;^anpBple) uiinQtallic ibluftonsi whtphdo 
^ot take:]p]is^:e ^ijjcceypting wheivthe^irietal i&;j|)L 
the flat<^9f ;^ftoxjid9,:.rT4f^ acjdiWhi^f^/wUljyJfeW 
its pxigpne,>yit^^thc gr^a^cft ^iJity t^oifaUlejlif 
metal^ will have the niQiJi p0)¥e4rfui ^jQO ygoft 
it. Hence it happens, that the nitre and the 
nitro-muriatic ^ICtds ar?!* tWofe which diflblve 
metals the moft read^ly^ and .hence likewife it 
happens that the muriatu: acid diflblves the 

oxides more eafi\y than . the nrietals^ while the 

■ • - ■ ■ < * 

nitric acid afts contrariwife : hence alfo itarifes 
th^t thi»lafta£ls fb^pqweifuUy upon oila^ &c« ' 
: , It; is impoflibleito coriceiv.e and expUin the 
iKaQ 0U8 phenomemi prefented to us' by.acids in 
their operations^ , iif we have no idea of their 
cpnllit^ent principles. Stahl ^ would not have 
bflicMcd In the ibrmation of fulphur> if he had 
,Icl' under- 
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imderftood the decbmpofitioti of the fulpIiAiriC 
acichupon charcoal; and if we except thecoma 
binations of acids with alkalis, and with cer« 
tain earths^ thefe fubftances are either totally or 
partially decompofed in all the operations made 
with them upon metals^ vegetables, and ani« 
mals, as we (hall find by obferving the pheno^ 
mena exhibited in thefe cafes refpedively. 

We fhall at prefent treir only of fome of -the 
acids; and (hall dire A our attention to theotheiAi 
in preoption as we (hall have occa(ion to trot 
of the varioiis fubftances which afford them : we 
&ail attend in preference to thofe which are the 
beft known, and which have the greateft infliu- 
€Bce in the operations of nature, as well as in 
ibofe of our laboratories. 



C H A P- !• 

Cdnfcming ibe Carhtmic Acid. 

»T»HIS acid is almoft always obferved in the 
'■*■ ftateofgas. We find that the ancients 
were in fome meafure acquainted with it. Van 
Hclmont called it Ga» Silveftre.thegasofmuft. 
or of the vintage. Becher himfclf had a confi. 
dembljr aQcurate notion df it, « appears by the 

fol. 
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fbikmuig jiairagis) ^^ fiiftingoiurxutcwucrqr 
^ ibtiMntationeihapefi;^ et ckofiiin^inaperti 
^p(Xm iitf^mentaius £tfiior dk,i Ibd < .foitiori in 
^ clau^t Muialcilv quad evaporkmiairaflefxiSta 
^ cwpufcula; iiftpriiriis Tnagna adbuc fil yeftri^^ 
<^ lOitlpiritmim copia^ de quibus ancea egimiisi 
^ retintatorj'et iitjpfiim pocum ie precipitec, 
^iumtc Vakle turn foriem reddi£?.* ..ri h i * ; 

i Hofimaim atcributied the virtue of nidf^mU 
nmd waterl to'aii>Jcbtftic %tiit > contain^ d.ia 

Mr« V^nel, a:?:Gdebrated profcflbr. ia th^ 
ibhdols at iMontpdlkr^ provcdi in 1750 that 
thcwaters of Seltxcr owed t&eir virtue to a 
fuperabundant porrion of ^r; 

' Ia t7$5; Dr. Black of £dihhurgh advanced 
Hua litnt^ltbne contains much air of a different 
AatUft ftom common air. He affirmed that the 
diiengagemenr of thi&air converted it into lim^ 
afiid tbAt by the icftoraqon of this air calcareous 
l^e 9f4» regenerattd. In the year 1746^ Dr; 
M^Bride fupponed thisdodxine with new fad|» 
Mr. Jacquin^ piifdflbr of Vienna/ reflsmed the 
firtftb purfuit^ multiplied expoiments on the 
manner of extraAingthit air^ and added otha 
pfooH ill cbn^iMatioflt that the abfence of ihe 
iSit rendered alkitlia/Mullic; and formed lime^ 
Dr. Prieftley exhibited all the perQ>icuity and 

-- pre* 
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precifion cotrtfais fabjeift whtx^fa; ixught: 
pofted frombtsabiiitbavaod'JnrjQcilt in.ttiai^ 
experimentLb£ litis kind* auTiiis iubftancc was 
then knowfif *b]^<the name 9fio^xei^ h]$u: \n 
ijrfst, Bergitiaiuii proved; rtiiffridc sis an acid^* 
iBvhich. he^ called b)r the ;iii|io of > Aerial Acid: 
3incc thetimeof chi^ ceLgbBatcd;cI\Qmifti it ha9 
been diftingtiiihed ^by the -haine$ .4f Mephilic 
acid^ Cretaceous. acid ^ &cjdAnd jis foon^is it 
was proved tojconfifl of a^xomhination of oxi*. 
gene and carbone^ or pure charcoal j the namcjoif 
CatboniaacidnKfs^apprdpHdted toiti - .:j . 

iThe carbonib acixi is: foiind in three .di£fc]Vf 
COS ftates. i • In that of gosv * ;2 • In a ftate^ 
mixture. 3. In aflateof^bomf^ination*!.: .. : 

It is found in the ftate of gas at the Gr ottQ (jlel 
Cano, near Najplcs; at the well of Perpls^.ijeai; 
Montpellier; in.tHat of Negrae^ in Viyan^issr 
tipon thefurface.ofithe Lake Averno in Italy, 
and on thofc of feveral fprings r in various fub* 
terraneous places^ fuch as.tombsi cellar^^ necef- 
laries^ &c. It is difengaged inrthis form by thq 
decompolitioa of vegetables * beaped together^, 
by the fermentation of wine.or bceri by thepu- 
trefadion of animal mattcrSi &c . . 
: It exifts in the ftate of funple mixture in 
mineral waters^ fince in thcfe 'it po^eflTes all ic« 
acid properties. . l ;; :^ . '; 

It 
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■ It exifts in a ilate of combination in lime- 
ftone^ commpn magnefiai alkalisj &c. 

' Various procelTes are employed to coUetft it, 
•accpri^ing to the ilate in which it is found. 

I; When the carbonic acid exifts in the ftatc 
of gas, it,may be colle6led-*-i . By filling a bot- 
tle with water, and emptying it into the atmo- 
sphere of this gas I the acid takes the place of 
the water, and the bottle is afterwards corked 
to retain it. 2. By expofing lime-water, cauftic 
alkalis, or even pure water, in its atmofphere : 
the gafeous acid mixes or combines with thefe 
fubft^nces; ^nd may be afterwards extradted by 
re^agents, which we Ihall proceed to defcribe. 

II. When the carbonic acid exifts in a ftate 
of combination, it may be extrafted — i. By 
di ft illation with a ftrong heat. 2. By the re- 
adlion of other acids, fuchas the fulphuric acid, 
which has the advantage of not being volatile, 
and confequently \i not altered by its mixture 
with the carbonic acid which is difengaged. . 

III. When the carbonic acid exifts in the ftate 
.of fimple mixture, as in water, briflc wines, &c. 
it may be obtained — i. By agitation of the 
liquid which contains it; as Mr. Venel prac- 
tifcd, by niaking ufe of a bottle to which he 
adapted a moiftened bladder. 

2. By diftillation of the fame fluid. — Thcfe 
two firft methods are not accurate. 
Vol. I. O 3. Th# 
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' 3. Ttie procefs ihdicated by Mr. Gioanettij 
confifts in precipitating the carbonic acid bjr 
means of lime-water, weighing the precipitate, 
and deducing thirteen thirty-fecond parts for 
the proportion of carbonic acid ; it having been 
deduced from analyfis, by this celebrated phy- 
iician, that thirty-two parts of carbonate of lime 
irbhtain feventeen lime, two water, and thir- 
teen acid.' 

" This; fubftance is an acid, as is proved— 
•f. Bccaufctinflrure of tumfde, agisted in a 
Ifottie filled \vrth this gas, becomes red. 2. Am^ 
inoniac, or volatile alkali, poured into a vcflc! 
^Iled with the gas, is neutralized. 3. Wiater 
impregnated with this gas is ftrongly fub':acid. 
4* It neutralizes alkalis^ and caufes them to 
* cryftallize. 
^ It remains at prefcnt to examine the proper* 
ties of this acid gas. 

' A. It is unfit for refpiration. Hiftory in- 
forms us that two Haves whom Tiberius caufed 
to defcend into the Gf-otto del Cano, were im-* 
mediately ftifted ; and two criminals that Peter 
de Toledo caufed to be fliut in there, fufibred 
the fame fate. The abbe NoUet, who had the 
courage to refpire the vapour, perceived a fuf- 
focating fenfation, and a flight degree of acidity, 
which produced coughing andfneczing. Pila. 

trc 



4»(do Rofior^ who prefents bimfelf tio our nocicc 

oh ^i occaiionss therein danger was to be faced> 

caufed himfelf to be fiUfoned b)^ icord^ fixed 

linden hi^ aftns; aqdrdefi^ondod iitfa tht^f^^ous 

!«tiiiC^p)Mife of ti biek; .<)f beer in fcirmeiKatkm* 

cH^liad/ftarcdjimtteccdiinta: thi^ miei^itid be- 

' fore flight prickings obliged him* to (hUthi* 

re^c39 Jii ilidlenr fd jibcbtloti pre vxni^ed him fh)m 

^u^itihf^ ^ lic feid agiddiioiefii accbftipanied with 

itbAtfc ndifci^ wliitih oha#lbdterttze ttte apoplexy: 

«id ;ithb& hd W2(9 dtaftwii! tip^his^ fight renhoitied 

dimfoifovefaldnihiMff)^; iht blood h^ filkd 

4ihie^ j:iigdlb;rs ;. hb ' cdvritenance had bdcdme 

-ptrple; arid^'hi^ heither heard nor fpoke bdt 

,wiit& grea£ diflicukj ? tM thefe fymptoms how"-* 

lever diftpptarecj by degrccsL 

It i» tbis! gaaf wUicihr ^oddce» the miny xxh^ 
haf^ jaixsldonta^ ati tdie^ opening of cellars^ in 
platcan where wine, cyder, o!r beer a^re fufFered 
to* ferteqat. Birdi plunged in the carbonic 
3oid gasy Hidddnly jierifh* The fansious Lake 
of Ayfcnta, where Virgil placed the entrance 
of hell, exhales fd lai*gd a quantity of carbonic 
acidv that birds cannot fly over it with impu- 
ffity. When the waters of Boulidou of Perola 
•tfc daafy fttcb birdr a» latdmpt to quench their 
thirft tft'thle dlefcsj. ate envelofio^ in the mephi'*- 
tk vapoor^ aa(i die. 

O 2 FrogSj 
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• FrogSi phiriged iri an atwofphere a>£ carbdu 
jiic acid, live from forty to fixty minutes, by 
iufpending their refpifatidn.^ 
•. Infeds are rendered torpid after a certain 
time of remaining in this air; but they refumc 
their liveiinefsthe moment they are expofed to 
the free air. • . : :. 

Bergmann pretended that this acid fufibcates 
by extinguiihing irritability :^. he founds his opb- 
nion upon the circumftanoe of his having taken 
out the heart of an animal' -which had died in 
the Carbonic acid, before it! ^s cold, hnd k 
exhibited no fign of irritability. ■' The cheva- 
lier Landriani has proceeded ftfll ^further ; for 
he afErms that this gas eactinguifhes irritability, 
even when applied to the Ikin ; and has aiferted 
that, by tying a bladder full of this gas to the 
neck of a fowl, in fuch a manner that the head 
only of the animal was in the open air, and the 
whole body enveloped in the bladder, the fowl 
immediately perilhed. The abbe Fontanahas 
repeated and varied this experiment on feveral 
animals, none of which died;: 

The count Morrozzo publiihed experi- 
ments made in the prefence of Dr. Cigna ; 
the refults of which appear to invalidate the 
confequfni:ea of .the.xelcbrated JBergmann: 
but it is to be obferved, that the chemiftof 
I . . Turin 
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Turin eaufed his anintiils to die 6nly in air 
vitia(tedby the deat^ of Another animal; and 
that in this circ4«miftaric6 the mitrogehe gas pre- 
dominates. — See the JoU]fnal de Phyiique> torn. 
XXV. Pp 112. 

B. The carbonic acid is improper for vege- 
tatipn^ Dr. Prieftley having kept the roots of 
fevcral plants^ in water impregnated with th^ 
carbonic acid, obferved that they all periQiedr 
and in tliofe inftances where plants are obferved 
to vegetate in water or in air which contains 
this gas, the quantity of gas is very fmall. 

Mr. Senebier has even obferved, that plants 
which are fuffered to grdw in water flightly aci^ 
dulated with this gas, emit a much larger quan- 
tity of oxigenous gas ; becaufe, in this cafe, the 
acid is decempofed, the carbonaceous principle 
combines and is fixed in the vegetable, while 
the oxigene is thrown off. 

I have obferved that thofe fungi which are 
formed in fubterraneous places, are almofl to. 
tally refolved into carbonic acid ; but if thefe 
vegetables be gradually expofed to the adlion 
of light, the proportion of acid diminifhes ; 
while that of the coaly principle augments, and 
the vegetable becomes coloured. I have pur- 
fued thefe experiments with the greateft care in 
a coal mine, 

C. The 
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Q. The carboniic .S6^4 is «fil|f 4iflblv«d in 
Viitcr. Water impreg^2||e(it wi|h tW» ndbi pofr 
feffep v€ry val^^fe^e m?4iQinri qwUtic$ j :wA fc^ 
yer^. appaWP* h*vc b§ed fijfre^flliccjiy invenu 
edto facilitate this mixture. Tbf sippiiiratus 
of Nqc^Iu impfov^^ by P^r^^P and M^elUn, 
is one of tlpje pioft ii\g«|ii<H«9i* . On «his &ihjc<9: 
Ihe, EiRcyclope^ie M^fh^^iyq^e.ms^.be^ditfttit^ 
cd, article Aci4? Mephitique. . . : 

The Q^t^jral aci^ulc^n^uieml waters^do not 
differ from th^fc, ^jxt^pting iii cOinf^queacc of 
their hplding other principle^ in foliation; and 
ikty may be p^c(e(ftly ijnnitated when theUana* 
lyfis is well knpwn^ I^ is abford to thiotk ikM 
^f, is incapable ojf imiit^ting nature in the com- 
pofitiofi of miflcifail wat/^i-s,. I| rauft be admitted 
that the prpc^fles of nMu^e; ^it absolutely yxnm 
Jcrjown tp u^, in all the Opjejciftiohs which relate 
to life J and we cannpt fla|:ter ouffel ves with the 
hope of imitating her in thcfe <:ircumftances. 
But when the queftion relate? to an opecation 
purely mechanical, or cpjnfifting of the folution 
of certain, knowr^ priQciples in water, we can 
and ought to pexfo^rm it even (till better, as we 
have the power pf varying the dpfqs, and pro* 
portioning the effica^cy of any arrtifiicial minemi 
water to the purpofes to which it is intended 
to be applied. 

D. The 
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' D» The carbonic acid gas is heavier thi^^ 
common air. The proportion between thefc 
two airs |n weight, accordin^g to Mr. Kirwa^^ 
is 45^69 to 6Sj74* The proportioh^ according 
to i;he experiments of Mr. Lavoiiier, is 48^81 

to 69150. 

This confiderable weight catufes it to occupy 
the loweft fituations; and even gives it the 
property of being poured out from one veffel 
to another^ fo as to difplace the atmofpheric 
air. This truly curious phenomtnotf was ob^ 
fei^ed by Mr. De Sauvages^ as hiay be feen in 
his DilTertation upfm Air^ which was crowned 
in Marfeilles in 1750. 

It appears to be proved^ by fufficient experi-^ 
ments^ tliat the carbonic acid is a combination 
of carbone^ or pure charcoal^ and oxigene. 
I. The oxides of mercury^ when diftilied^ are 
reducible without addition^ and afford only ox« 
igenous gas ; but if a fmail quantity of char* 
coal be mixed with the oxide^ the produdt which 
comes over con^its of carbonic gas only^ and 
the weight pf the charcoal is diminilbed. 

2. If we^i-made charcoal be ignited^ and 
plunged into a veffel filled with oxigenous gas^ 
and the veffel be inftantly clofed, the char- 
coal burns rapidly^ and at lafl goes out : the 
produft in this experiment is Carbonic acid^ 

which 



;iOO Trdperiies of darhonic Acid. 

-which may be feparated by the known pro- 
xcffes ; the remainder is a fmall quantity of oxi- 
genous gas, which may be jconvcrtcd into car- 
bonic acid by the fame treatment. 

In thefe experiments I fee nothing but char- 
coal and oxigenous gas : and the confequchce 
deduced is fimple and natural. 

The proportion of charcoal is to that of dii- 
gene as 12,0288 to 56^687. 

When the carbonic acidi in fome cafes, is 
obtained by burning hydrogenous gas, it arifes 
from carbone held in folution in this gas. The 
Carbone may even be diffolvcd in hydrogenous 
gas, by expofing it to the focus of the burning 
mirror in the mercurial apparatus, underaglafs 
.veffcl filled with this gas* • • 

The hydrogenous gas which is extrafted from 
a mixture of fulphuric acid and iron, holds 
more or lefs of charcoal in folution ; becaufe 
iron itfelf contains this fubftance in a greater 
or lefs quantity, as is afcertained by the fine 
experiments of Meffrs. Berthollet, Monge, 
and Vander Monde. 

The alkalis, fuch as we ufually meet with 
them, contain carbonic acid ; and it is this acid 
which modifies them, and diminifhes their 
energy, at the fame time that it communicates 
to them the property of efF(?rvefcing. We may 

therefore 
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therefore confider alkalis as carbonates with 
excefs of alkali ; and it is eafy to faturate this 
fuperabundant alkali, and to form true cryftaU 
lizable neutral fairs. 

ARTICLE L 

Carbonate of Pot-alh. 

The carbonate of pot.a(h was formerly dif- 
tinguilhed by the name of Cretaceous Tartar. 
The method of caufing oil of tartar to cryftal- 
lize, has long been known. Bonhius and Mon- 
tet have fucceflively fhewn thefe procefles : but 
the fimpleft confifts in expofing an alkaline 
folution in an atmofphere of the acid gas which 
is difengaged in the vinous fermentation j the 
alkali becomes faturated, and forms tetrahedral 
prifmatic cryftals terminated by very fliort 
four-fided pyramids. 

I have feveral times obtained thofe cryftals 
in the form of quadrangular prifms, with their 
extremities cut off flantwife. 

This neutral fait no longer pofleflcs the uri- 
nous taftc of the alkalij but exhibits the pene- 
trating tafte of neutral falts, and may be em- 
ployed in medicine with the greateft fuccefs. 
I have been a witnefs to its being taken in the 
dofe of one dram (gros) without the Icaft in- 
convenience, • 

This 



202 Carbonate of Soda% 

This fait poiTefTes an advantage l)eyond the 
fait of tartar^ in being lefs cauflic^ and always 
of the fame virtue. 

It contains, according to the analyfis of 
Bergmann^ twenty {)arts acid, forty-eight al- 
kali, and thirty-two water, in the quintaU 

It does not attradt the humidity of the air. I 
have preferved fome of it for feveral years in a 
capfule, without any appearance of alteration. 

The carbonate of pot.afh is decompbfed by 
ifiilex in a fufficient heat, which occafions a coxi- 
fiderable boiling or ebullition. The refidue is 
glafs, in which the alkali is in the cauftic ftate. 
Lime decompofes the carbonate, by uniting to 
the acid; and acids produce the fame cfFed^ 
by combining with the alkaline bafes. 

ARTICLE IL 

Carbonate of Soda. 

The denominations of Aerated Mineral aU 
kali, Cretaceous Soda, &c. have been fuccef* 
fively given to this kind of carbonate. 

The mineral alkali, in its natural ftate, con* 
tains a greater quantity of carbonic acid than 
the vegetable ; and nothing more is neceflary 
than to diflblve it, and duly evaporate the wa- 
ter, in order to obtain it in cryftals. 

Thcfe 
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Tbefc cryftals are ufually^ rhoihiboidal odsu 
hedrons; and fometimes have the form of 
rhocnboidal lamin«&> applied obliquely one 
upon die other, fo that they refemble tiles, 
. This carbonate efflorefces in .the air. 
: . One hundred parts contain fixteen parts acid^ 
twenty alkali, and iixty«four water. 

The affinity of its bafis with fileit is (Ironger 
than that of the carbonate of pot-aih ; in con- 
fequence of which, the vitrification it produces 
«is more quick and eafy. 

Lime and the acids decompofe it, with the 
larme phenomena which we have obferved at the 
article Carboiiate of P6t.a(h, 
- « ■ • , 

ARTICLE in. 

Carbonate of Ammoniac. 

This fait has been generally known by the 
name of Concrete Volatile Alkali. It has like- 
wife been diftinguiihed by that of Cretaceous 
Volacile Alkali^ &c. 

• It may be obtained by diftillation from many 
animal fubftances. Tobacco affords, likewifCt 
a large proportion; but almofl the whole of 
that which \b employed in the arts, and in me- 
dicine, is formed by the dired combination of 
the carbonic acid And ammoniac, or volatile al- 
kali; 
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kali. This combination may be ciFedted — i. Bjr 
pafllng the carbonic acid through ammoniac, 
or the pure volatile alkali in foliition. 2. By 
expofing ammoniac in an atmpfphere of car« 
bonic acid gas. 3. By decompofing the niu- 
riate of ammoniac by the neutral falts which 
contain this acid^ fuch as the carbonate of lime 
or common chalk. For this purpofe, white 
chalk is taken, and very accurately dried ; and 
then ymixqd with equal parts of muriate of anK 
moniac, or common fal ammoniac in fine pow« 
dtr. . ! Thjis mixture is put into a retort, and 
diftilled; .the ammoniac and the carbonic acid 
being difengaged from their bafes, and reduced 
into vapours, combine together, and are depo- 
fited on the fides of the receiver, where they 
form a ftratum more or lefs thick. 

The cryftallization pif this carbonate ap- 
peared jf o me to be thjit of a four-fided prifm^ 
terniipatcd by a dihedral fummit. 

The carbonate has lefs fmell than the ammo. 
niac ; it is very foluble in water. Cold wiLter 
diflblves its own weight of this fait, at the tem- 
perature of fixty degrees of Fahrenheit. 

One hundred grains of this fait contain forty-* 
five parts acid, forty-three alkali, and twelve 
water, according to Bergmann. 

Moft acids decompofe it, and difplace the 
carbonic acid. 

CHAP. 
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Concerning the Sulphuric Atid. 



SULPHUR, like every other combuftiblc 
fubftance, cannot- be burnt but by virtue 
bf the oxigenoQs gas which combines with it/ 

Thie moft- ufual phenomena which accom'i 
pany this combuftion^ are, a blue flatne,^' a 
whiti(h and fuffocating^ vapour, and aUrong"; 
penetrating/ and difagreeable fmell. ' 

The refults of this combination Vary accord-^ 
ing to the proportion in which thefe two prin- 
ciples enter into this fame combination. 

The fulphureous or the fulphuHc acid may 
be at plcafure obtained from fublimcd fulphur, 
or from crude fulphur» accordtegly as a greater 
or lefs quantity of oxigene is combined with the 
fulphur, by means of combuflion. 

When the current of air which maintains the 
combuftion is rapid, the fulphur is carried, and 
depofited without any apparent alteration^ into 
the internal part of the leaden chambers in 
which the oil of vitriol is made. -If the current 
of air be rendered more moderate, the cbmbi^ 
nation is fomewhat more accurate $ the fulphup 

1 is 
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is partly changed^ and is depofited in a pellicle 
upon the (urBice of the water. This pellicle \i 
flexible like a fkiA> and may be handled and 
turned over in the fame manner. If thecurrent 
be ftill lefa n(pid> and the:^cbe fuSeredto have 
a fufficient timt to form an accurate combina* 
ticm with:th€ fulphur, the rcfidt, itliblph^re^ 
ictd; which actd:pre£:rvaftt3)g^eous fcdriKKat 
the temperatturc of the.atmofphere^ andoiaji 
become liquid Uke water byllte application of 

cold, according itq the fibne Qxipei:iment3 of Mff 
Mongc. If the combuftipii be flrill.flower^and 
the air be fuScred to digeft; t^pon the fjulphur a 
iMigier timci and with greatie^a|GCU1^cy3the.re« 
fiih i& fulphuric acid : tbiia^ lail combination 
may be facilicatcd by the mixture of ialtpetre^ 
becauie this fubftance furniihes> oxigene very 
abimdantly. 

• 

• Numerous experiments which I have made 
HI my manuifadory^ to economize the faltpetre 
employed in the fabrication of oil of vitriol^ 
have feveral times exhibited the refults here 
mentioned. 

All the procelTes which are capable of being} 
adapted for extradling the fidphuiic acid; are 
reducible to — i • The extraflioa of it from fub- 
fiances which contain it. %^ Its dired: forma-* 
JtioQ by combination, of fulphur and cmgeac; . 

In 
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In the firft cafe, the fulphures, or vitriolic 
falt9 of iron, copper, or zinc, and even thofe 
-whdfc bafcs arc clay and lime, according to 
Neumann and MargrafF, may be expofed to dif- 
tillation. Butthefe e^tpenflve proceffts ^rc not 
very eafy to be carried into execution ; and ac- 
cordingly they have been abandoned, to make 
rooni for* others of greater fimplicity, 

Iir'tfie fbcond dife, the oxigene may be pre- 
fcnfeedto the folphur in two forms: either in 
the ftatc of gas, or in the concrete ftate. 

I. Thecombuftidn of'fulphur bybxigenous 
gaJT, is performed ih large chambers lined with 
lead. The combuftiori is facilitated by mixing 
about one-eighth of a nitrate of pot-afh with 
the fnlphuri' The acid vapours which fill the 
chiamber-ate precipitated againft its fides, and 
the condenfation is facilitated by a fttetum of 
water difpofed on the bottom of the chamber. 
In fome manufaftories in Hollamf, this com- 
buftion is performed in large glafs batlodn^ with 
large mouths, and the vapours are precipitated 
upon water placed at the bottom. 

In both cafes, when the water is fufficiemly 
impregnated with acid, it is concentrated in 
lt;^en boilers, and redified in glafs retorts, to 
render it white, and to concentrate it fufficiemly 
forthepurpofes of trade. The acid^when of a 

due 
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due ftrength, indicates fixty-fix degrees, accord- 
ing to the aerometer of Mr. Baume i and When 
it has ntft been carried to thisdegree, it is unfit 
formoft of the ufes for which it is intended. It 
cannot, for example, be employed in diffolving 
indigo J for the fmall quantity of nitric acijl 
which it contains^ unites with the blue of the 
indigo, and forms a green colour. I have^af* 
certained this phenomenon by very accurate 
experiments; and I have been a witnefstothc 
failing of colours, and the lofs of fluffs, in^con- 
fequence of the imperfedtion of the acid. , 

2. When the oxigene in the concrete l^atc is 
prefented to the fulphur, it is then in cpmbina- 
tion with other bodies, which it aband9ns to 
unite with this lafl. This happens .when the 
nitric acid is diftilled from fulphur.^ Forty- 
eight ounces of this acid, at thirty- fix degrees, 
diftilled from two ounces of fulphur, afforded 
near four ounces of good fulphuric acid. This 
fadl was known to Matte Lafaycur: but I 
pointed out all the phenomena and circum- 
ilances of the operation in 1781. 
" Sulphur may likewife be converted into ful- 
phuric acid by means of the oxigenated muria- 
tic acid. — Encyclopedic Mcthodique,- tern. i. 

P-370- 
The fulphuric acid which is found difengaged 

in 
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in fome places in Italy, appears likewife to arife 
from the combuftion of fulphur. Baldaflari has 
obferved it in this ftate in a hollow grotto, in 
the midft of a mafs of incruftations depofited 
by the baths of Saint Philip, in Tufeany. He 
aflerts that the fulphureous vapour continually 
arifes in this grotto. He likewife found ful- 
phureous and vitriolic eifervefcences at Saint 
Albino, near mount Pulciano ; and at the lakes 
of Travale, where he obferved the branches of a 
tree covered with concretions of fulphur and 
the oil of vitriol. — Journal de Phyfique, t, vii. 

P- 395- 

O. Vandelli relates that, in the environs of 

Sienna and Viterbo, fulphuric acid is fome- 
times found diffol ved in water. Mr. ( the com- 
mander) De Dolomieu affirms that he found it 
pure and cryflallized inagrotto of mount Etna^ 
from which fulphur was formerly obtained. 

According to a firft experiment of Mr. Ber- 
thollet, fixty-nine parts of fulphur with thirty- 
one parts of oxigene formed one hundred parts 
of fulphuric acid ; and, according to a fecond 
experiment, feventy-two of fulphur and twenty- 
eight of oxigene formed one hundred parts of 
dry acid. 

The various degrees of concentration of the 
fulphuric acid have caufed it to be diftinguifh- 

Vol. I. P cd 
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ed by different names, under which it is known 
in commerce. Hence the denominations of 
Spirit of Vitriol, Oil of Vitriol, and Glacial 
Oil of Vitriol, to exprefs its degrees of con- 
centration. 

The fulphuric acid is capable of palling to 
the concrete ftate by the imprelfion of intenfe 
cold. This congelation is a phenomenon long 
iince known. Kunckel and Bohn have fpoken 
of it: and Boerhaave fays exprefsly, "Oleum 
vitrioli, fumma arte puriflxmum, fummo fri- 
gore hiberno in glebas folidefcit perfpicuas: 
fed, ftatim ac acuties frigoris retunditur, li- 
quefcit etdiffluit." — We are indebted to the 
.Duke D'Ayen for fome very valuable experi- 
ments upon the congelation of this acid ; and 
Mr.DeMorveau repeated them with equal fuc- 
cefs in 1782, and proved that this congelation 
may be affedled at a degree of cold confident- 
bly lefs than what had been mentioned*. 

I have already feveral times obtained beau- 
tiful cryftals of fulphuric acid in flattened hex- 
ahedral prifms, terminated by an hexahedral 
pyramid; and my 'experiments have enabled 
me to conclude — 1. That the very concen- 

* See alfo the experiments of Mr. Keir, and the late 
experiments of Mr. Cavendifh, on the congelation of acids, 
in the Philofophical Tranfaftions. 

trated 
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trated acid cryftallizes more difficultly than that 
"Whofe denfity lies between lixty-three and fixty- 
five. .2. That the proper degree of cold is 
from I to 3 degrees below o of Reaumur. The 
detail of my experiments may be feen in the 
volume of the Academy of Sciences of Paris 
for the year 1784. 

The characters of the fulphuric acid are the 
following. 

1. It is undluous and fat to the touch, which 
has occafioned it to obtain the very improper 
name of Oil of Vitriol. 

2. It weighs one ounce and feven gros in a 
bottle containing one ounce of diftilled water. 

3. It produces heat, when mixed with water, 
,to fuch a degree as to exceed that of boiling wa- 
ter. If one end of a tube of glafs be clofed, 
and water poured into it, and the clofed en<l 
of this tube be plunged into water, the water 
in the tube may be made to boil by pouring 
fulphuric acid'into the external water which 
furrounds the lube. 

4. It feizes with great avidity all inflamma. 
,ble fubftances ; and it is blackened and decom- 
pofed by this combination. 

Stahl fuppofed the fulphuric acid to be the 
univerfal acid. He founded this opinion more 
refpecially upon the circumftancc, that cloths 

P 2 foaked 
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foaked in a folution of alkali^ and expofed to 
the air, attrafted an acid which combined with 
the alkali; and formed a neutral fait, by him 
fuppofed to be of the nature of fulphate of pot- 
aft, or vitriolated tartar. Subfequent and more 
accurate experiments have Ihewn that this 
aerial acid was the carbonic; and the prefent 
ftate of our knowledge is fuch as permits us 
ftill lefs than ever to believe in the exiftencc 
of an univerfal acid. 

ARTICLE I. 

Sulphate of Pot-afli. 

The fulphate of pot-afh is defcribed indif- 
ferently under the names of Arcanum Dupli'. 
catum, Sal de Duobus, Vitriolated Tartar, Vi- 
triol of Pot-afh, &c. 

This flilt cryftalliies in hexahedral prifms^ 
terminating in hexahedral pyramids, with tri- 
angular faces* 

It has a lively and penetrating tafte, atid 
melts difficultly in the mouth. 

It decrepitates on hot coals, becomes red- 
hot before it fufes, and is volatilized without 
decompofition. 

It is foluble in fixteen parts of cdld water, at 
the temperature of 60 deg. of Fahrenheit; and 
boiling water diffolvesT ono^fifth of its weight* 

100 graini 
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iQO grainy contain 30.21 acid^ 64.61 alkali^ 
anpl 5.1? wafer. 

lyiaft of. the fulphate of pot-aih ufed in me- 
dicine is formed by the dired combination of 
the fuiphuric acid and pot.a{h„ or the vegeta- 
ble alkali ; but that which is met with in com- 
mprce is produced in the diftillation of aqua 
fortis, by the fqlphjuric acid: this has the form 
of beautiful cryftals, and is fold in the Comtat 
Venaifin at forty or fifty Ijivres the quintal. 
The analylis of tobacco has likewife afforded 
me this fulphate. 

Mr. Baume proved to the Academy^ in 1 760* 
th^t the nitric acid^ ailifled by heat^ is capable 
of decompofing the fulphate of ppt-alh, Mr. 
Cornette afterwards Ihewed that the muriatic 
acid poflefTes the fame virtue; and I fhewed| 
in 1780, that this acid may be difplaced by 
the nitric acid, without the afliftaijce of heat j; 
though the fuiphuric acid refumes its place 
when the folution is concentrated by heat. 



• ARTICLE II. 

Sulphate of Soda. 

This combination of the fuiphuric acid and 
ibda is dill knpwu under the names pf Glauber's 

** Salt, 
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Salt, Sal Admirabile, Vitriol of Soda, &c. This 
fait cry^allizcs in redlangular oftahedrons, of 
a prifi/iatic or cuneiform figure, of which the 
two pyramids are truncated near their bafiis. 

It has a very bitter tafte, and eafily diffolvcs 
in the mouth. 

It fwells up upon heated coals, and boils, in 
confequence of the diilipation of its water of 
cryftallization. After this water has been dif- 
perfed, there remains only a white powder, dif- 
ficult of fufion, which is volatilized -without 
decompofition by a ftrong heat. 

By expofure to the air, it efFervefces, lofes its 
tranfparency, and is reduced to a fine powder. 

Three parts of water, at 60 deg: of Fahren- 
heit's thermometer, difTdlved one part of this 
fait ; but boiKng water difFolves its own weight, 

100 grains of fulphate of foda contain 14 
acid, 22 alkali, and64water. 

It is formed by the direct combination of the 
two principles which contain it ; but the tamarix 
gallica, which grows on the fea-coafts, contains 
fo large a quantity, that it may be extraded to 
advantage. Nothing more is neceflary for this 
purpofe, than to burn the plant, and lixiviate 
the afties. That fait which is fold in the fouth 
of France, in fine cryftals, is prepared in this 
manner. It is very pure, and the price does 

not 
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not exceed thirty or thirty-five livres the quin- 
tal. This fulphate is likewife formed in our la- 
boratories when we decompofe the muriate of 
foda, or common fait, by fulphuric acid. 

Pot-afh diflblved by heat in a folution of 
fulphate of foda, precipitates the foda, and 
takes its places See my Chemical Memoirs. 



ARTICLE III. 

Sulphate of Ammoniac. 

The fulphate of ammoniac, commonly known 
by the name of Glauber's Secret Ammoniacal 
Salt, is very bitter. 

It cryflallizes in long flattened prifms with 
fix fides, terminated by fix-fided pyramids. 

It cannot be obtained in well-formed cryftals 
but by infenfible evaporation. 

It flightly attradls the humidity of the air* 

It liquefies by a gentle heat, and rifes over a 
moderate fire. 

Two parts of cold water dilTolve one of this 
fait ; and boiling water its own weight, accord- 
ing to Fourcroy. The fixed alkalis, barytes, 
and lime, difengage the ammoniac from it. 

The nitric and muriatic acids difengage the 
fulphuric acid. 

The 
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The different fubftanccs of which we have 
treated are of confiderable ufe in the arts and 
medicine. 

The fulphureous acid is employed in whiten- 
ing (ilk, and giving it a degree of luftre. Stahl 
had even combined it with alkali, and formisd 
. thcfalt fo well known under the name of Stahl*s 
Sulphureous Salt. This combination paffes 
quickly to the ftatc of fulphate, if it be left ex- 
pofed to the. air ; as it fpeedily abforbs the ox- 
igcne which is wanting for that purpofe. 

The principal ufe of the fulphuric acid is in 
dyeing, in which art it ferves to diflblve indigo, 
^nd carry it in a (late of extreme divifion upon 
the ftuifo to be dyed; it is iikewife u&d fey 
the mahcrf^urefrs of IhdicnSi or filk and ftuff 
mixtures^,^ Xb carry off the preparation of thefe 
goods," wherein lime iS ufed. The ch^mift 
makes great ufe of this acid in his analyfes \ 
, and to fep^rate other acids from their combi- 
* nation; fiich tis the carbonic, the nitric, and 
the muriatic acids. 

The firlphateofpot-afti is known in medicine 
n^ an alterative, and is ufed in cafts of ladteous 
coagulations. It is given in thedofe of a few 
. grains, arid rs-even piirgative in a greater dofe. 

The fulphate of foda is an effeftual purga- 
tivc in the dofe of from four to eight gros, or 

drams; 
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drams. For this purpofe it is dilTolved in a 
pint of water. 



CHAP. IIL 

Con(€rning the Nitric Acid. 

THE nitric acid, called Aqua Fortis in 
.commerce, iiS lighter than the fulphuric. 
Itufually has a yellow colour, a ftrong and 
difegireeablc ftnell, ahd emits red vapours. It 
gives a yellow colour to the (kin, to filk, and 
to alxnoft all animal fubftanccs with which it 
tnay come in contadt. It diflblves and fpecd- 
ily corrodes iron, copper, zinc, 6rc. with the 
efbape of a cloud of red vapours during the 
whole time its aftion lafts. It entirely deftrdys 
the colour of violets, which it reddens. It 
unites to water with facility; and the mixture 
aflumcs a green colour, which drfappears when 
ilill further diluted. 

This acid has been no where found in a dif- 
cngaged ftatc. It always exifts in a ftatc'of 
combination; and it is from thcfc combinations 
that the art of chemiftry extracts it, to apply it 
to our ufes. The nitrate of pot-afli, or com- 
mon nitre, is the combination which is beft 

known^ 
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known, and is likewife that from which wc 
ufually extraft the nitric acid. 

The procefs ufed in commerce to make aqua 
fortis, confifts in mixing one part of faltpetre 
with two or three parts of red bolar earth. 
This mixture is put . into coated retorts, dif- 
pofed in a gallery or long furnace, to each of 
which is adapted a receiver. The firft vapour 
which arifes in the diftillation is nothing but 
water, which is. fufFercd to efcape a,t the place . 
of jundlure, before, the luting:, and when the 
red vapours begia to appear, the phlegm whiph 
is condenfed in the receiver is poured out; and 
the receiver,* being replaced, is carefully luted . 
to the neck of the retort. The vapours which 
are condenfed, form at firft a greenifh liquor: 
this colourdifappearsinfenfibly, andis replaced 
by another which is more or lefs yellow. Some 
chcmifts, more efpecially Mr. Baume, were of 
opinion that the earth adled upon the faltpetre 
by virtue of the fulphuric acid it contains. But 
not to mention that this principle docs not 
cxift in all the earths made ufe of, as Meffrs. 
Macquer, De Morveau, and Scheele have 
proved, we know that pulverized flints equally 
produce the decompofition of faltpetre. I am 
therefore of opinion that the effeft of thefe 
earths upon the fait ought to be referred to the 

very 
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very evident affinity of the alkali to the filex, 
which is a principal component part; and 
more efpecially to the flight degree of adhefion 
which cxifts between the conftituent princi- 
ples of nitrate of pot-a(h. 

We decompofe feltpetre in our laboratories 
by means of the fulphuric acid. Very pure ni- 
trate of pot-a{h is taken, and introduced into a 
tubulated retort, placed in a fand bath, with a 
receiver adapted. All the places of junftion 
are carefully luted ; and as much fulphuric acid 
as amounts to half the weight of the fait is pour- 
ed through the tubulure; and the diftillation is 
proceeded upon. Care is taken to fit a tube 
into the tubulure of the receiver ; the other end 
of which is plunged into water, to condenfethe 
vapours, and to remove all fear of an explofion. 

Inftead of employing the fulphuric acid, we 
may fubftitute the fulphate of iron, and mix it 
with faltpetre in equal parts. In this cafe the 
refidue of the diftillation, when well waftied, 
forms the mild earth of vitriol made ufe of to 
polifh glafs. 

Stahl and Kunckel have fpoken of a very 
penetrating aqua fortis, of a blue colour, ob- 
tained by the diftillation of nitre with arfenic. 

Whatever precaution is taken in th purifi- 
cation of the faltpetre, and however great the 

attention 
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attention may be which is t)efl:owcd upon its dif- 
tiUation, the nitric acid U always impregnatedi 
with fome foreign acid, cither the fulphuric or 
muriatic, from which it requires to be purifipdr 
It is cleared of the firft by re-:diftilling it up^ 
on very pure faltpetre, which retains the imall 
quantity of fulphuric acid that may exill in thp 
■ Qiixture. It is deprived of the fecond by pour-c 
ing ihto it a few drops of a folutipn of nitrate 
of filvcr. The muriatic acid combines with Jthp 
filver, and is precipitated with it in the form p^ 
an infoluble fiilt* The fluid is then fuffered Ut 
remain at reft, and is afterwards decanted from, 
the precipitate or depofition. This acid, fo 
purified, is known uoder the name of Aqm 
Fortis for Parting, Precipitated Nitrous Acid, 
Pure Nitric Acid, &c. 

Stahl had coniidered the nitric acid as a mo- 
dification of the fulphuric, produced by its 
combination with an inflammable principle* 
This opinion has been fupported by feveral new 
facfbs, in a differtation of Mr. Pietih, crowned 
by the Academy of Berlin in 1749. 

The experiments of the celebrated Hales led 
him ftill nearer to this conclufion, as his ma^ 
nipulations were fucceflively employed upon 
the two conftituent principles of 'the nitric 
acid. Thiscekbratedphilofbpher^badobtainedk 

ninety 
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ninety cubic inches of air from half a cubic inch 
of nitre; and he proceeded no further in his 
conclufions, than to affert that this air is the 
principal caufe of the explofions of nitre. 

The fame philofophcr relates that the pyrites 
of Walton, treated with equal quantities of fpi- 
rit of nitre and water, produce an air which has 
the property of abforbing the frefh air, which 
may be made to enter the veflel. This great 
man, therefore, extradled fucceflively the two 
principles of the nitric acid ; and thefe capital 
experiments put Dr. Prieftley in the road to 
the difcoveries he has lince made. 

It was not however until the year 1776 that 
the analyfis of the nitric acid was well known. 
Mr. Lavoifier, by diftilling this acid from 
mercury, and receiving the feveral products in 
the pneumato-chemical apparatus, has proved 
that the nitric acid, whofe fpecific gravity is 
to that of diftilled water as 131607 to looooo, 
contains—. 

oz. gros. grains* 

Nitrous gas ^ i 7 51^- 

Oxigenous gas i 7 yi 

Water 13 — - — 

By combining thefe three principles toge- 
ther the decompofed acid was regenerated. 
The adlion of the nitric acid on moft inflam- 
mable 
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xnabic matters, confifts in nothing more thait 
a continual decomp^tian of this acid. 

If the nitric acid be poured upon iron>.cop* 
per, or zinc, thefe metals are inftantly attack- 
ed with a ftrong efFervefcencc ; and a confider- 
able diferigagement of vapours takes place, 
which become of a red colour by their combi- 
nation with the atmofpheric air, but which may- 
be retained and colleded in the ftate of gas in 
the hydro-pneumatic apparatus* In all thefe 
cafes the metals are ftrongly oxided. 

The nitric acid, when mixed with oils, ren- 
ders them thick and black, converts them into 
charcoal, or inflames them, accordingly as the 
acid is more or lefs concentrated, or in a great- 
er or Icfs quantity. 

If very concentrated nitric acid be put into 
an apothecary's phial, and be poured upon 
charcoal in an impalpable powder, and very 
dry, it fets it on fire inftantly, at the- fame 
time that carbonic acid and nitrogene gas arc 
difengaged. 

The various acids which are obtained by 
the digeftion of the nitric acid on certain fub- 
ftances, fuch as the oxalic acid, or acid of fugar, 
the arfenical acid, &:c..owe their exiftencc 
merely to the decompofition of the nitric acid, 
the oxigene of which is fixed in combination 

with. 
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with the bodies upon which this acid is de- 
compofed, renders it one of the moft adtivc ; 
becaufe the adtion of acids upon nrioft bodies 
is a confequence of their own proper decom- 
pofition. 

The charadbers of nitrous gas, which is ex- 
tradled by the decompofition of the acid, are-*- 
!• It is invifible, or pcrfedly tranfparent. 2. 
Its fpecific gravity is rather lefs than that of 
atmofpherical air. 3. It is unfit for refpiration, 
though the abbe Fontana pretends that he re- 
fpired it without danger. 4. It does not main^ 
tain combuftion. 5. It is not acid, according 
to the experiments of the Duke de Chaulnes. 
6. It combines with oxigene, and reproduces 
the nitric acid* 

But what is the nature of this nitrous gas ? 
It was at firft pretended that it confiits of the 
nitric acid faturated with phlogifton. This 
fyftem ought to have been abandoned as foon 
as it was proved that the nitric acid depo- 
lited its oxigenc upon the bodies on which it 
aAed; and that the nitrous gas was lefs in 
weight than the acid made ufe of. A capital 
experiment of Mr. Cavendifh has thrown the 
grcateft light on the fubjedl. This chemift 
having introduced into a tube of glafs feven 

parts 
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parts of oxigcnous gas obtained without nitrous 
acid, and three parts of nitrogene gas; or, by 
eft imatingthcfe quantities in weight, ten parts 
of nitrogene to twenty-fix of oxigene — and hav- 
ing caufed the eledlric fpark to pafs through 
this mixture, perceived that its volume or bulk 
was greatly diminiftied, and fuccecded in con- 
verting it into nitric acid. It may be prefumed, 
from his experiment, that the acid is a combi- 
nation of feven parts of oxigene, and three of 
nitrogene. Thefc proportions conftitutc the 
ordinary nitric acid ; but when a portion of 
its oxigene is taken away, it palTes to the ftate 
of nitrous gas ; fo that nitrous gas is a combi- 
nation of nitrogene gas, with a fmall quantity 
of oxigene. 

Nitrous gas may be decomplofed by cxpofing 
it to a folution of the fulphurc of pot-alh, or 
hepar of fulphur : the oxigene gas unites to 
the fulphur, and forms fulphuric acid ; while 
the nitrogene gas remains behind in a ftate of 
purity. 

Nitrous gas may likewife be decompofed by 
means of pyrophorus, which burns ia this air^ 
and abforbs the oxigenous gas. 

The eledric fpark has likewife the property 
of decompofing nitrous gas. Mr. Van Marum 
has obferved that three cubic inches of the ni- 

trou2i ' 
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irotii^ gas are reduced by eledricity to one cu-^- 
bic inch and three quarters ; and that this reli*- 
due no longer polTcffed any property of nitrous 
gaa* Laftly, according to the experiments of 
Mi. Lavoifier^ one hundred grains of nitrous gas* 
contain, thirty-two parts nitrogene, and fixty- 
eight parts oxigene : according to the fame 
chemift^one hundred grains of nitric acid con- 
tain feverity.nine and a half oxigene and twenty 
^d a half nitrogene ; and this is the reafon why- 
nitrous gas fhould be employed in a lefs portion 
thait nitrogene gas, to combine with the oxigene 
gas^ and form the nitric acid. 
. Thefe ideas upon the compofition of the ni- 
trous' acid, appear to be confirmed by the re- 
peated proofs we now have of the neceflity of 
caufing fubfbmtes, which afford much nitro- 
gene gas, to be prefented to the okigene gas, in 
order to obtain nitric acid. 

The. feveral ftates of the nitric acid may be 
clearly explained according to this theory :— 
ik The fuming nitrous acid is that in which the' 
dxigene does not exift in a fufficient propor- 
tion ; and we may render the whiteft and the^ 
mofl faturated nitric acid fuming and ruddy, 
by depriving it of a part of its oxigene by 
means of metals, oils, inflammable fubftances, 
&c*;Or even by difengaging the oxigene by 

WoL. I. Q^ tbe 
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the fimple expoiition of the acid to the light of 
the fuih according to the valuable experiments 
of Mr. Berthollet. 

The property which nitrous ga$ pofleflea, c^ 
a;bforbing oxigene to formtflae Jiitric acid^ has 
caufed it to be employed to determine thepra# 
portion of oxigene in the compofition ydhdcb 
forms our atmofphere. The abbe Fontana has 
cpnftruijled, on thefe principles, an ingenious 
eudiomctejf^ the defcriptionandraanner of ufing 
^hich may be few ih the firft volume of Dr* 
Ingenhoufz'a Experiments upon Vegetables* > 

Mr. Berthollet has very juftlyobferved, thaft 
this eudiomecef is inaccurate, or produdive of 
deception:— I.. Becaufe it is difficult to obtaioi 
nitrous gas conn:antly formed of the fame pio\ 
portion^ of nitrogene gas and oxigene j for 
they varyi::BQt only according to the nature of 
the fubftancesupon which the nitric acid is do- 
Gjompofcd, but likewife accordingly as the fo- 
lutiromb of Any gi^en fuhftance by the acid k 
ipgde M^ith greater or lefs rapidity. If the acid 
he d?compofed upon a yolatileoil, nothing bub 
nitrogene gas can be obtained.; if the acid aA 
upori iron, and it be much concentrated, nitro*: 
genegas only will bci obtained, as I have:/>b-- 
ferved, &c. 2 •The nitric acid which is formed 
by j:h$:,uniQi> of nttrous gas and oxigene, dif- 
tit .■ ^ folVes 
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TOvesa^eater^dr left quantify 6f htttDus gas 
according to the temperamfc', 'i\it Quality of 
tlfeiifr whtcli iFtftcrrf; the ttii of' the 'AidioTne- 
t^H'&ci. fo thittH'edihjiriutiort t^ries in pro- 
"fUrxXdriit riieg;rfat^fW left (Ju^irtitjr'df Mtnius 
^i bbiaintd b^ ttife ribi e 2k\A Mt\i ft fordid': 
•d;!^^<^tfeAtly theaffhhi^^ fo bt grfer. 

iriWWrrt(ertife/hin-fi?thd^#i8ftl' = ^ '' ^ 

According to the •^ipeHm^hts of Mi. La- 
voifier, four parts of oxigenous gas are fufiici.. 
ent to faturate feven parts and one-third of ni- 
trous gas ; whereas it is found that nearly fix- 
teen parts of atrhofpheric air are required to 
pfpdiice ttK! fajBe effeift: whence this ccle- 
l^raCeid Ghen[>ifthas concluded^ that the air of the 
atmofph^re does' hot in. general contain mcjre 
ihstti one^fotrrth ci^ oiigenous orrefpirable gas. 
Repeated ^Xperinnents at Montpellierj upon 
the fetee principle, have corivijvrefd nne that 
tWeWe 6r thirtten jiartis of atmofpheric air are 
conftant;!/ fuffi<ttenit to faturate feveA parts and 
?>ae-thiipd of nitrous gas. ; 

. Thefe cx()efii!ncnt4 (ht^, to a cdrtain degree^ 
of accufab/j the proportion in whicft vital air 
czifts m the air which wt refpire ; but they do 
BOt give its any information refpe6ting the nox- 
ious gs^fes Mrhichi when Ritxed with the atmo- 
jQpfecfio air^ alter it^ and render it unwholfoipe* 

Q$ Thit 
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.This obfervation very much curtails the ufe 
of this inftrument. 

« - ■ 

'The combination of the ojtigenous and nu 
trous gafes always leaves an aeriform relidue, 
/which Mr. Lavoifier eftimated at about one 
thirty-fourth of the whole volume : it arifes 
from the mixture of the foreign gafeous iiib- 
ftances^ which more or lefs aflfed the purit;^ 
of the gafes made ufe of« 

• - 1 ■ 

A R T I C L E I. 

Nitrate of Pot-afh. 

The nitric acid, combined with pot-a{h» 
forms the fait fo well known under the names 
of Nitre, Saltpetre, Nitre of Pot-afh, &c. 

This neutral fait is rarely the produ6t of any 
direft combination of its two conftituent parts. 
It is found ready formed in certain plages ; 
and in this manner it is that the whole of the 
nitre employed in the arts is obtained. 

In the Indies, it efflorefces on the furface of 
uncultivated grounds. The inhabitants lixi-^ 
viate thefe earths with water, which they after* 
wards boil and cry ftallize in earthen pots. Mr. 
Dombey has obferved a great quantity of fait- 
pctre nfear Lima, upon earths which fcrve for 

: paftuj^e^ 
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pafture^ and which produce only gramineous 
plants. Mn Talbot Dillon^ in his travels into 
Spain, relates that one-third of all the grounds; 
and in the fouthern parts of that kin^om eveii 
the dull of the roads^ contain faltpetre. 

Saltpetre is extradted in France from the 
ruins and plafter of x>ld houfes. 

TThis fait exifts ready formed in vegetables, 
fuch as parietaria and buglofs^ &c. And one 
of my pupils^ Mr. Virenque, has proved that 
it is produced in all extradts which are capable 
of fermenting. 

The fermentation of faltpetre may be fa- 
voured, by cauiing certain circumftances to 
concur which are of advantage to its formation* 

In the north of Europe, the faltpet re-beds arc 
formed with lime, aflies, earth of uncultivated 
grounds, and ftraw, which are ftratified, and 
watered with urine, dunghill- water, and mo- 
ther waters. Thefe beds are defended by a 
covering of heath or broom. In the year 1775^ 
the King caufed a prize to be propofed by the 
Royal Academy of Sciences at Paris, to difcover 
a method of increaiing the produ(5): of faltpetre 
in France, and to relieve the people from the 
obligation of permitting the faltpetre makers 
to examine their cellars, in order to difcover 
and carry away faltpetre earths. Several Me- 
moir 
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xnoirs were offered on the fubjed:^ which the 
Acadcmf: united into a^iingle volume.; and 
|hc(c have added to our knowledge^ \xf in(hiid:« 
ing us more cfpecialijr Gonceming the nature 
of the jnatters ivhich favour the formation of 
nitre, it was known/ for ejcample^ long-fiace/ 
that nitre is focmed in -preference B^eaxiiabita* 
tions^ or in earths^ impregnated vihh aiumal 
produds : it was likewifeknownthaE^;in gehe- 
ral^ the alkaline bails was afforded hy the con-»^ 
currence of a vegetable ferEncntation. Mr. 
Thouvenel, whofe Memoir was crowned^ hag 
proved that the gas which is difengaged by pu- 
trefadlion, is neceffary for the formation of 
nitre ; that bloody andj next to it, urine, weite* 
the animal parts which W^re th^ moft favouiii* 
ble to its formation ; , that: the nioft minutely 
divided and the lighteftcanths were the moft 
proper for niirificationjbh^t the current of air 
muft be properly managed^ to fix up^nihefe 
cai-^hs the nitric acid wJiich is formed, &c; * 

It fecms to me that Becher poffcffed a con- 
fiderably accurate knowledge of the formation 
of nitre, as appears from the followingpaflages:' 

" Haec enim (vermes, mufose, ferpentGs)puw 
'« trefada in terram abciint prorfus nitrofam;' 
*' ex qua etiam Gommuni modo nitrum copio- 
*^ fum parari poteft,^ fola elixatione CUirt aq«a ■■ 
*' communi." — Phyf. Subt. lib. i. S. V. t. i. 
p. 286. 

'< Sed 
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" Sed ct ipfum nitruiti nfccdum finis ultimus 
»' putrefatSlionis eft ; nam cum cjufdem partes 
^* ignefc fcparantUri i^Uquae in terram abeuttt 
^* pi'oi'fum purani et infipidam, fed fingulafi 

' ** magnetifmo pracditam nbvum fpiritum acrcl 
** urn attrahendi, rurfufquc nitrum fiendi."— =► 
Phyf. Subt. S. V. t. i. p. 292. 
" Froni all the difcoverics and obfcrvatibns 
trhich hav6 been hitherto made> it follows that, 
111 order to eftabKih artificial nitre bcd^, it i^ 
fteceffary that afnimaliputrefadlion and vegeta- 
ble fermentation fhould cdncur. The liitro^ 
j^cne gas, in its difengageitient from the ^ninrial 

• fubftances. Combines with the oxigene, and 
fbrms^ the acid, which again unites with the 
sQkali, whofe fornwtioh is favoured by the ve^ 
getable decompofition. 

When the nwinufefturer is in ppflcffion of 
faK-petre grounds, whether by the fimple ope-* 
rations of nature or by the affiftancq of art, thd 
faltpetre is extrafted by the lixiviation of thefe 
earths ; which lixivium is afterwards concen- 
trated, and made to clyftallize. In proportion 
as the evaporation goes forward, the marine 
fait, which almdft always accompanies the forU 
Itrationt of nitre, is precipitated. This is taken 
oiit With ladles, and fet to drain in balkets* 
{rfaced over the boilers. 

At 
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Asz great part of the nitre has an earthy 
.bafis^ and requires to be furniihed with an al^ 
Jcaline bails to caufe it to cryftallize^ this pur^ 
pofe is accompliihed either by mixing afhes 
with the faltpetre earths^ or by adding an alkali 
ready formed to the lixivium itfelf* 

Nitre obtained by this firft operation is nc* 
ver pure^ but contains fea-falt, and anic^tracSt- 
ive and colouring principle^ from which it muft 
be cleared. For this purpofe it is diifolved in 
frelh water, which is evaporated ; and to .which 
bullocks blood may be added^ to clarify the 
folution. The nitre obtained by the fecond 
inanipulation is known by the name of Nitre of 
the Second Boiling. If recourfe be had to a 
third operation to purify it, it is then called 
Nitre of the Third Boiling. 

The purified nitrate of pot-afh is employed 

in delicate operations, fuch as the manufadure 

of gunpowder, the preparation of aqua fortis 

for parting, and the folution of mercury, &c. 

The faltpetre of the firft boiling is ufed in thofe 

works where aqua fortis is made for the dyers- 

It affords a nitro-muriatic acid, which is ca- 

paple of diffolving tin by itfclf. 

The nitrate of ,pot-afti cryftallize? in gi^ifi.. 

matic odahcdrons, which almoft always rcpre:^, 

fent fix-fided flattened prifnis, terminated by 

dihedral fummits* 

It 
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It has a penetrating taftc, followed by a fen- 
iation of coldnefs. 

It is fufible upon ignited coals ; and in this 
cafe its acid is decompofed. The oxigend 
unites with the carbone^ and forms the carbo-^ 
nic acid ; the nitrogcne gas and the water are 
diflipated ; and it is this mixture of principles 
which has been, known under th^ name of 
Clyflus of Nitre. 

^ The diftillation of the nitrate of pot-afh af-r 
fords twelve thoufand cubic inches of oxigen* 
ous gas for each pound of the fait. 

Seven parts of water dilTolve one of nitre, at 
fixty degrees of Fahrenheit ; and boiling water 
dillblves its own weight of this fait. 

One hundred grains of the cryflals of nitre 
contain thirty acid, lixty^three alkali, and 
feven water. 

When a mixture of equal parts of nitre and 
fulphur is thrown into a red-hot crucible, a 
faline fqbflance is obtained, which was for« 
merly called Sal Polychreft of Glafer, and 
which has iince been confidered as Sulphate of 
Fot-afti. If nitre be fufed, and a few pinches, 
of fulphur be thrown upon this fait in fufion, 
and the whole be afterwards poured out or caft^ 
into plates^ it forms a fait known by the name 

Qf Cryftal MincraU . . 

A mixture 
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A mixiure of feventy-five parts of nitre, 
nine and a half of fulphur, and fifteen and a 
half of charcoal^ forms gunpowder. This mix- 
ture is triturated from ten to fifteen hours^ care 
being taken to moiften it from time to time* 
This trituration is ufually performed by pound- 
ing mills, whofe peftles and mortars ari of 
wood. In order to give the powder the fbrrii 
proper to granulate it, it is pafled through • 
fieves of (kin, whofe perfowtions are of various 
iizes. Thegrained powder is then lifted, tofepa- 
rate the duft,- and it is afterwards carried to the 
drying-houfc. Gunpowder for artillery, or 
cannoa-powdcr, receives no other preparation ; 
but it is i^eeflary to glaze the powder which iar 
' intended for fowling. This laft preparation is 
cfFeftcd by putting it intoa kind of calk which 
turns on an axis, and by whofe movement the 
^gles of the grains are broken, and their fur- 
ftces polifhed. We are indebted to Mr. Baume 
and the chevalier Darcy for a fcries of experi- 
ments, in which they have proved — 
' I. That good gunpowder cannot be madtf 
without fulphur. 

•• 2. That -charcoal" is likewifc indifpeofeblf- 
ncceflarjv^ ••• ( 

•3. THat the quality of gunpowder depends?/ 
casteris paribus, upon the accufafcy with vbicfr* 
tbe jfiixture is made. 

4* Th^t 
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4* That the efFedt of powder is greater when 
limply dried than when it is grs^nulated. 

The efFedl of gunpowder depends upon the 
rapid decompofition which is made in an in- 
ftant of a conliderable mafs of nitre, and the 
fudden formation of thofe gafes which are 
the immediate produA. Bernoulli, in the laft 
century, afcertained the development of air by 
the deflagration of gunpowder : he placed four 
grains of powder in a recurved tube of glafs, 
plunged the tube in water, and fet fire to the 
gunpowder by means of theburning-glafs ; after 
the combuftion the interior air occupied a larg-i 
er fpace, fo that the fpace abandoned by the 
water was fuch as would have contained two 
hundredgrains of gunpowder. — Hift. de l*Aca-< 
dcmiedesSciencesde Paris, 1696, t.ii. Memoirc 
de M» Varignon fur le Feu et ki Flamme. 

The fulminating powder, which is made by 
the mixture and trituration of three parts of ni^ 
tre, two of fait of tartar, and one of fulphur, 
produces efFefts {lill more terrible. In order ta 
obtain the full efFecJl:, it is expofed in a ladle to 
a gentle heat ; the mixture melts, a fulphureous^ 
blue flame appears, and the explofion takes 
place. Care mufl: be taken to give neither too 
flrong nor too flight a degreeof beat. In either 
cafe, the combuftioa of the prkiciples ukct 
ptact'ifirparatelyj and without explofion. 

ARTI^ 
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ARTICLE II. 

m 

Nitrate of Soda. 

This fait has received the name of Cubic 
Nitre, on account of its form ; but this deno- 
mination is not exadli becaufe it afFeds a figure 
conftantly rhomboidal. 

It has a coolj bitter taile. 
, It flightly attracts the humidity of the air. 
. Cold water, at fixty degrees of Fahrenheit's 
thermometer, diffolvcs one-third of its weight j 
and hot water fcarcely dilFolves more. 
. It fufcs upon burning coals with a yellow co- 
lour; whereas common nitre affords a white 
flame, according to MargrafF — 24 Diflert. fur 
le Sel Commun, t. ii. p. 343. 

icx^ grains of this fait contain 28.80 acid, 
50.09 alkali, and 21. 11 water. 

It is almofl always the produA of art« 



ARTICLE IlL 

Nitrate of Ammoniac, 

• • • . . 

The vapours of ammoniac, or volatile alkaK, 
l)dftg brought intQ ppnt^a with thofe of the 

nitrous 
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likrous &cid^ combine with them^ and form ^; 
white and thick cIoud9 which flowly fubfidcs«v 
' 3ut when the acid ^s diredly united to the 
alkalij the refult is a falt^ which has a cool^ bit-, 
fer, and urinous tafte. 

. Mr. De Lifle pretends that it cryftallizes in 
boiutiful needieSj ilmilar to thofe of fulphate 
^fppf-afli. 

Thefe cryftals cannot be obtained but by a 
ver^ flow evapojat ion. 

\yhen this fait is expofed to the fire, it; 
liqu^eSj emits aqueous vapours^ dries, and 
detonates. 

Mr. Berthollet hasanalyfed all therefultso£ 
this operation, and has drawn from them a new^ 
proof of the truth of the principles which ^he 
lias eftablilhed with regard to ammoniac • . 



CHAP. IV. 

Concerning the Muriatic Acid. 
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THIS acid is generally known by the: 
name of i^arine Acid, and it is (till dif«-. 

i;^ngui{hed amoi>g artifans by the name of Spirit 

It.iA li|^^ than the two preceding acids ; if 

has 
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\aA 1 ftfoHg penetrlting frtieW, refcmblii*g*hat 
of fftffron, but infinitely more pungent'; it 
emits white vapours whe^ it \t cdnccfltratAd ; 
it precipitates filver from its folution \h thfi 
form of an infoluble falt^ &c. This acid hjl4 
HO where been found difengaged ; artd, to ob- 
tain it in this ftate, it is neceflary to difetvgagiflt 
from its combinations. Common fait isuf^llj^ 
employed for this purpofe. 

The fpirit of fait of commerce is obtd.ined ^ 
a proccfs little differing from that which is trfcd 
lit the extradion of aqu^ fort is. But aa^'tWi 
acid adheres more ftrongly to its bafis, tfeeprdu 
duft is v^ry We^fc, and only pirt of the iridrine 
fiik \% decoTt#po{*ed. 

. Flints pulverized, and rtiixed with tHisfiaBf^* 
4o not fcparate the acid. Ten pbtfivds trf" flint* 
in powder, treated by a violent fire with two 
pounds of the fait, did itot ajSbrd me any other 
produd than a mafs of the colour of litharge. 
The fumes werenot perceptibly acid. If clay^ 
which has once fcrved to decompofe marine 
fait, be mixed with a new quantity of the fame 
felt, k will mi decbrnp^tfe an atdih 6f ^it/ i^vL 
tl^gh the ttiix:ture be rtioiftened^^hd fiJrnTiSd 
irito a paffte. Thcfe experim^m^ htfve feserf 
feveral times repeated in my manufadoryV «i^ 
fe^ve conftafitly <^bi€ed ^he iiiciS i^ti.- ^ 

The 



r The fulpbate of if oft, 6r martial vitriol which 
fo eafily difengages the nitric acid^ decompofes 
Itiaruie fait; but very imperfedly. 
. The impure foda known in France by the 
name of Blanquette, and in which my analyfis 
)uis exhibited twenty.one pounds. oC common 
h\t cHiI:.4rf ti wcnty-five, fcarjcely affords ^ny mu-. 
riatic acid when it is diftilled with the fulphuric 
achd; but it affords abundance of fulphyreous 
acid« Mr. Berard, diredor of my manufac^ 
tary;; attributed thefe refults tot^he coal cpn* 
taincd in this foda, which decompo£ed the fuU 
phuric acid. He therefore calcined thebUH* 
quette to deftroy the charcoal; and then- h6 
found he could treat it in the fame manner as 
common fait, and with the fame fuccefs. 
. The fulphuric acid is ufually employed* to 
decompofe marine fait. My method of pro-* 
ceeding confifts in drying the marine lalt^ 
pounding it, and putting it into a tubulated 
retort placed upon a fand bath. .A receiver ii 
adapted to the retort, and afterwards two bot<« 
ties, after the manner of Woulfe, in which I 
diftribute a weight of dillilled water equal to 
that of the marine fait made ufe of. The join-^ 
ings of the vefTels are then luted, but with die 
greatcft caution ;. and when the apparatus U 
thus^ fitted up^ s^ quantity of f<ilphuric acidiif 
•*-.l. . poured 
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poured through the tubulure equal to half the 
weight of the fait. A coniiderable ebullition is 
immediately excited ; and when this efFervef^ 
cence is flackened, the retort is gradually heat* 
€d> and the mixture made to boiU 

The acid is difengaged in the ftate of gasr 
and mixes rapidly with the water^ In which it 
produces a coniiderable degree of heat. - 

The water of the firft bottle is ufually fatu^ 
rated with the acid gas^ and forms a very con- 
centrated and fuming acid ; and though tiie 
fecond is weaker, it may be carried to any dc-. 
fired degree of concentration, by impregnating^^ 
It with a new quantity of the gas. 

The ancient chcmifts were divided refpedHug 
the nature of the muriatic acid. Becher fup^. 
.pofed it to be the fulphuric acid modified by 
his mercurial earth. 

This acid is fufceptible of combining with 
an additional dofe of oxigene; and, what is 
very extraordinary, it becomes more.volatilein 
confequence of this additional quantity ; where-- 
as the other acids appear to acquire a greater, 
degree of fixity in the fame circumftances.. Ifc 
may even be faid, that its acid virtues become 
weaker in this cafe, fince its affinities with alka- 
lis diminifh; and it is fo far from reddenii^ 
Wuc vegetable colours, that it deftroys thenu . 

Another 
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Another rphmpmenon not lefs intereiling^ 
which is prefented to us bjr this new combina- 
tion, is, that though the muriatic acid feizes 
the oxigene with avidity, yet it contrails fo 
weak a union with it, that it yields it to ^njpft 
all bodies, and the mere adipn of tight alone; 
is fufficient to difengage it. 

It is to Scheele that we are indebted for the. 
difco very of the pxigenated muriatic acid. He 
formed it in th^ year 1774, by employing the 
muriatic acid as a fol vent for manganefe. He 
perceived thata gas was difengaged^ which pof^ 
felTed the diflindtive fmell of aqua regia ; and 
he was of opinion that in this cafe the muriaric 
acid abandoned its phlogifton to the manga^ 
nefe; in confequence of which notion he called 
it the Dephlogifticated Marine Acid. He took 
notice of the principal and truly aflonifhing 
properties of this new fubltance ; and all che^ 
mills fince his time have thought their atten* 
tion well employed in examining a fubltance 
which exhibits fuch lingular properties. 

To extrad: this acid, I place a large glafs 
alembic of one fingle piece upon a fand bath. 
To the alembic I adapt a fmall receiver ; and 
to the receiver three or four fmall bottles near.^ 
ly filled with diftilled water, and arranged ac- 
cording to themethod of Woulfe. I difpofe the 
Voj.. I. R receiver 
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recdvrhr and the bottld in a cifternj the pl^es 
of junSion being luted with ht lute^ and fe- 
cored with ngs foaked iti the lute of lime and 
white of egg. Laftly, I fui;found the bottles 
withpotindtd ice. When the apparatus is thu& 
difpofed^ I introduce into the alembic half a 
poundofmanganefeofCevennes^ and pour up^ 
on it, at ieveral repetitions^ three pounds of 
ibitiing muriatic acid. The Quantity of acid 
which I pour at once is three ounces ; and at 
each time of pbmring ^ doftfiderable effefteu 
ibence is excited. I do not pour a new quantity 
until nothing more comes o^ver into therec'dv^ 
era. This method of proceeding is indifpenf- 
ibly ncceflkry. When the operator is defiroiM of 
making his procefs with a definite qu«mtity of 
the matcrials.^ For if too large a quantity of 
acid be poured at once, it is impdlfible to rt- 
flrain the vapours ; and the efFef vefcence will 
throw a portion of the manganefe into the re- 
ceiver. The vapoun which are developed by 
the afFufion of muriatic acid are of a greeniflii 
yellow colour; and they communicate thiis co- 
lour to the water when they combine with it. 
When this vapour is concentrated by itieans of 
the ice, and the water is faturated with it, it forms 
a fcum at the furface, which i^ precipitated^ 
through the liquid, Sftd refemblfes a congeaied* 
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Oil. It is necelTafy toaflift the aftion 6f the 
jfriuriatic acid by means of a thodferatc heat ap- 
plied to the fatid bath» The fecure luting of 
the veflels is atfo an effential cii^curtiftahce ; foi^ 
the vapbur wAicH^niight dlcape is fuflfocating, 
irid would not permit the chemift to infpcd hiti 
dpemioii clofely . tx is eafy to difco vcr the placei 
wherfe it efcapes through the lutes, by running at 
feather dipped iii volatile alkali over them : the 
CbmbinatioA of thefe vapours inftaAtly forms a 
White cloud, which renders^ the place viflbld 
whAe the Vapour efcapes* An excellent Me-^ 
rtibir of Nfr* B'ertTiollet, publilhed in the An* 
Aales Chimiques, may be confulted upon thd 
6xigenated ihuriatic acid* 

The fatne oxigehated' muriatic acid may be 
obtained by diftilling, in a fimilar apparatus, 
ten pounds of marhle fait, three or four pounds 
of mangahefe, and ten pounds of fulphuric acid* 

Mr. Reboul has obfcrved that the concrete 
(late of this acid is a cryftallization of the acid, 
ivhich takes place at three degrees of tempera- 
ture below the freezing point of Reaumur* 
The forms which have been obferved are thofe 
of a quadrangular prifm, truncated very ob-« 
tiquely, and terminated by'a lo2^enge. He hat 
Akewtfe oblt^rved hollow hexahedral pyramids' 
on the furfate of the liquor* 

R 2 To 
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Tx> make ufe of the oxigenated acid in the 
arts^ and in order to concentrate a greater quan- 
tity in a-given volume of water, the vapour is 
made to pafs through a folutipn of alkali. A 
white precipitate is at firft formed in the li- 
quor ; but a fhort time afterwards the depofition 
diminiflies, and bubbles are difengaged, which 
are nothing but the carbonic acid. In this cafe 
two falts are formed, the oxigenated muriate, 
and the OKlinary muriate. The mere imprcr. 
fion of light is fufficient to decompofe the for- 
mer, and convert it into common fait* This 
lixivium contains, indeed, the oxigenated acid 
in a ftronger proportion. The execrable fmell 
of the acid is much weakened. It may be cm- 
ployed for various ufes with the fame fucccfs, 
and with great facility; but the cfFedl h very- 
far from correfponding with the quantity of 
oxigenated acid which enters into this combi- 
nation, becaufe the virtue of a great part is de- 
ftroycd by its union with the alkaline bafis. 

The oxigenated muriatic acid has an cxccf- 
fively ftrong fmell. It acls direftly on the la- 
rynx, which it ftimulates, excites coughing, 
and produces violent head-aches. 

Its taftc is fliarp and bitter. It fpeedily dc- 
firoys the colour of tindlure of turnfole. But it 
appears that the property which moft oxige- 
nated 
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nated fubftanccs potfeft, <tf rcddeftipg h\ut co- 
lours, arifes only from the doitibination of oxL 
gene with the colouring principles ; and thati 
when this combination is vei^y ftrong-and nu 
jpid, the colour is deftroyed. ' T 

The oxigenated muriatic acid with which a 
foiiition of cauftic alkali is faturated, affords^ 
by evaporation in vcflpls fecluded from the lights 
common muriate and oxigenated muriate. 
This lad detonates upon charcoal ; is more fo- 
luble in hot than in cold water ; cryftallizes, 
fometimes in hexahedral laminae, and oftener 
in rhomboidal plates. Thefe cryflals have an 
argentine brilliancy, like mica. Its tafte is 
faint; and its cryftals, when they are diflblved 
in the mouth, produce a fenfation of coolnefs 
rcfembling that of nitre. 

Mr. Berthollet has afcertained, by delicate 
experiments, that the oxigenated miiriatic acid 
which exifts in the oxigenated muriate of pot- 
afh, contains more oxigenethan an equal weight 
of oxigenated muriatic acid diflblved in water ; 
and this has led him to cdnfider the oxigenated 
acid combined in the muriate as being fuper- 
oxigenated. He confiders the common muri- 
atic gas with relation to the. oxigenated muria- 
tic gas, the fame as the nitrous gas or fulphure- 
ous gas with refpe<5<: to the nitric and fqlphuric 

acids. 
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acids. He piicsCipncbs lAim: thepi^Qdiu^pn.of the 
fimple muriai^e wd (he pixigesi^t^ i^uriate 4a 
the fiune opemtion, may be compared to the 
a&ion of the nitiic ac^d> which 14 many cafe^ 
produces nitrate ,ii)A nitroui^ gas. Hence he 
has conjSdered th^ muriatic ^acid as a pufe,^i. 
cal^wliicti.CQinbined withagreac^or:).e£s qviH^r 
pty of.oxigme^ foroos either fimple muri^tjlc 
acid gad, or the oxigenated muriatic acid gas. 

The axigenated muriates pf foda do npt 4xf-« 
fer from thpfe of potraih, but in being more 
d^liquefQent and foluble in alcohol, l\\(it all 
the falts of this nature. 

The oxigenated muriate of pot-afii gives 
out its oxigene in the light, and by diftillatipi^ 
as foon gs the veiTel is hejabtedto redaef^. Oijie 
hundred grains of thi§ felt afford fcvcMY'^i^^ 
jcubic inc^hes of oxigenous gas reduced to the 
temperature pf twelve djEgrjces of ^e^umur^ 
This air is purer tha^ thjs others, and may be 
employed for: delicate experiments, Jhe oip.- 
genated muri$f e of ppt-a(h, when cryftallized^ 
does not itrpuble the folutions of nitrate of 
lead, of fily^r, pi* of nKrcury, 

Mr. BerthoUct has f;^l?ricated gunppwder, 
by fubftituti^g the oj^ige^ated muriate infl|pa(]i 
of faltpeti;e. The eSeds it produced wcf^ 
quadruple, The pxperiment in the large w?iy^ 

^bicb 
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vrhich was ;nade a^ il^ilpne^ is but top wjeU 
fcttpwfl^ l?jr tjicdc^^pf ,M>. I^ Tors wd Ma^ 
demoifelle Chcvraud« This powder exp|od$:4 
1^ iB^m^ilt: ^hc inixt^ce wais triturated. 

Th? 9^igef^ted ipwniuic acid whitens t^ea4 
^,l^^qXloa. Fpt tjhis purpoOe the cotton i^ 
hoilc^'u^ ^ we$^ ali^alinQ lixivium ; after whjlcb 
the ftufF is wrpng ouf, ^d ft^epcd in the prif 
gep^(e4 acid. C^r? is taketn %o mov^ the cloth 
iCK:^0on^lIy in the fl^jid^ and to wring it out* 
It is then wafhed in a large quantity of water^ 
t^ deprive i; of the fmeU with whicti it is im« 
ipjregnated. 

I have applied this known property ^o th( 
whitening of paper and old prints ; \>y this 
pieans they obtained ^ wbitenefs which the/ 
never before pofTefled. Coininpn ipk difap^* 
pears by this acid ; but printers ink is not at- 
tacked by it* 

Linen and cotton cloths^ and paper^ may be 
bleached by the vapour of the oxigenated ma- 
rine acid* I have made fome experiments in 
the large way, which have convinced me of the 
poflibility of applying this method to the.^rts. 
The Memoir in which I have given an account 
of my experiments, will be printed in the vo- 
4umc of the Academy of Paris for the year ivSy* 

The oxigenated muriatic acid thickens oils ; 

and 
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and oxides metals to fuch a degree, that this 
proccfs may be advantageoufly ilfed to fdrm 
verditer. ' ' - 

The oxigcnated muriatic acid diffolVes me- 
tak without efFervefcetice ; bccaufe its bxigene 
is fufficient to oxide thfem without the neceffity 

• * • 

of the decompofition of water, and confcquent- 
ly without the difcrig^cmcnt of gas. 

This acid precipitates mercury from its fo- 
lution, and converts it into the ftate of corrd- 
five fublimatc. 

It converts fulphur into fulphuric acid, and 
inftantly deprives the very black fulphuric acid 
of its colour. 

When mixed with nitrous gas, it pafles to 
the ftate of muriatic acid, and converts part of 
the gas into nitric acid. 

When expofed to light, it affords oxigen- 
ous gas, and the muriatic acid is regenerated. 

The muriatic acid afts very efficacioufly up- 
on metallic oxides, merely in confequence of 
its becoming oxigenated ; and in this cafe it 
forms with them falts, which are likewife more 
or lefs oxigenated. 
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ARTICLE L 

Muriate of Pot-afti. 

This fait is ftill dillinguifhed by the name 
of Febrifuge Salt of Sylvius. 

It has a difagreeable ftrong bitter taile. 

It cryftallizes in cubes, or in tetrahedral 
prifms. 

It decrepitates upon coals ; and when urged 
by a violent heat it fufes, and is volatilized 
without decompofition. 

It requires three times its weight of water, 
at the temperature of fixty degrees of Fahren- 
heit, for its folution. 

It is fubjedt to little alteration in the air. 
One hundred grains of this fait contain 29.68 
acid, 63.47 alkali, and 6.85 water. It is fre- 
quently met with, but in fmall quantities, in 
the water of the fea, in plafter, in the afhes of 
tobacco, &c. The exiftence of this fait in the 
alhes of tobacco might with juftice have fur- 
prifed me, as I had reafon to expedl the muriate 
of foda which is employed in the operation 
called watering. Was the foda metamorphofed 
into pot-a{h by the vegetable fermentation ? 
This may be determined bydired experiments. 

ARTI- 
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ARTICLE. JI. 

Muriate of Soda. 

Jh^ received nsuncs of M^xv^t Sajt, Cpm«> 
mon Salt, and Cujiii)^ry S^lp, i(iloru)jl;e t^c ^pipj- 
binatLpn of muria|:ic aci4 with fpt^^- 

IThis fait ha^ a pej;i|etrating but ^t bkter 
tafte. It decrepitates on coals, fufes, an^ is 
•vpl^t^Uzed by i^he heat pf a g}4fs-r<|^Ip^'$ fur- 
nace^ without^i^o^ipo^tion. 

It is foluble in 2.5 tim^ \i^ wc^ht of w^tcf^ 
at fixxydegreps of Fajirenjieit';? the;rmpineXier. 

i0r>ic hufldr^ grainy of thi3 fait coAt^in 33^3 
acid, 50 of alkali, and 1$,. 7 of water. 

It cryftalli^es in ^ubes^ Mr. Qme^in ha,s in- 
formed us th^t the ialt of the fait lakes in the 
enyiron? of Sellian on the banks of the Cafpian 
f(;a, forms cubical ^nd rhomboidal cryftals, 

Mr. De Lifle obferves, that a folution of ma- 
jiue fait, left to infenfible evaporation during 
five years by Mr. Rouelle, bad formed regular 
oftahedral cryftals refeipblii>g jthofe of alum. 

Marine fait ipay be obtained i^ g^hedrons, 

by poujring fre(h urine into a very pure folution 

pf frefh fait. Mr. Berniard is convinced that 

this addition changed only the form of the ialt, 

^ithput altering its nature. 

Common 
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Common fait is found native in many places, 
Caulonia, Calabria, Switzerland, Hungary, and 
Tyrol poffefs mines, which are more or lefs 
abundant. The richeft fait mines are thofc of 
Wicliczka in Poland. Mr. Berniard has givea 
us a defcription of them in the Journal de Phy- 
fique; and Mr. Macquart, in his Eflays on 
Mineralogy, has added interefting detaik con- 
cerning the -working of thefe mines. 

Our fait fprings in Lorraine and Franche-* 
comte, and fome indications afforded by Ble-* 
ton, have appeared fufficient motives to Mr. 
Thouvcnel to prefume that fait mines exift in 
our kingdom. This chemift exprefles himfclf 
in the following manner : 

" At the diftance of two leagues from Sa- 
verne, between the village of HuAenhaufen 
and that of Garbourg, in a lofty mountain called 
penfenperch, there are two great refervoirs of 
fait water ; the one to the eaft, at the head of 
a large deep and narrow valley, which is called 
the great Limerthaal ; the other to the weft, 
upon the oppofite flope, towards Garbourg. 
They commupicaite together by five fmail 
ftreams,. which arc detached from the upper re- 
fervoir, and unite in the lower one. From thefe 
^wo fait refervoirs flow two large ftreams ; the 
vppcr runs into Franchc-comte, and the lower 

into 
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into Lorraine, where they fapply the well- 
known fait works.'* 

The waters therefore flow to the diftance of 
* fcycnty leagues from the refervoir. 

Sak mines appear to owe their origin to the 
drying up of vaft lakes. The fliells and .madre- 
pores found in the immenfe mines of Poland 
arc proofs of marine depofitions. There arc 
[ likewife fpme feas in which the fait is fo abun^ 
dant, that it is depofited at the bottom of the 
water ; as appears from the analyiis of the wa. 
ter of the lake Afphaltites, made by Meflfrs. 
Macquer and Sage. 

This native fait is often coloured; and as 
in this ftate it poflefles confiderable brilliancy, 
it is called Sal-gem. It almoft always contains 
an oxide of iron, which colours it. 

As thefe fait mines are neither fufficiently 
abundant to fupply the wants of the inhabitants 
of the globe, nor diftributed with that unifor- 
mity as to permit all nations to have ready re. 
courfe to them, it has been found neceflary to 
cxtraft the fait from the water of the fea. The 
fea does not contain an equal quantity in all 
climates; Ingenhoufz has fhewn us that the 
northern feas contain lefs than the fouthern. 
,Marinc fait is fo abundant in Egypt, that, ac- 
cording to Haffclquift, a frefli-wat^r fpring is 

a treafure 
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4 treafurc which is fifcretly tranfmittcd from 

father to fpn. 

The method of extrafling the water of the 

fea varies according to the climates. 

. I . In the northern provinces, the fait fands 

of the fea coafts are waflied with the leaft pof- 

fiblc quantity of water, and the fait is obtained 

by evaporation. — See the defcription of this 

procefs by Mr. Guettard. 

2. In very cold countries, fait water is con- 
centrated by freezing, and the refidue is evapo- 
rated by fire. — See Wallerius. 

3. At the fait fprings of Lorraine and Fran- 
checomte, the water is pumped up, and fufFer- 
cd to fall upon heaps of thorns, which divide 
it, and caufe a part to evaporate. The farther 
concentration is effeded in boilers. 

4. In the fouthern provinces, at Peccais, at 
Peyrat, at Cette,' and elfe where, the extra(3:ibii 
is begun by feparating a certain quantity of 
water from the general mafs of the fea, which 
is fuffered to remain in fquare fpaces, called 
Partenemens. For this purpofe it is neceilary 
to have lluicet which may be opened and (hut 
at pleafure, and to form furrounding walls 
which prevent all communication with the fea, 
except by means of thefe gates. It is in the 
partenemens that the water goes through the 

firft 
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6rfi: ^ige 6f e^ipontdon -. and wh^ it tfc^af 
to depoiit its fait, it is raifed by bucket vi^ism 
16 other fquare compartments; calleci Tafbks, 
where the ^vapohrtion fihiflie^* 

The fait fe heaped iogeth^f, to form flic 
edmmetUs ; iii which ftate it fe^ left for three? 
years, irf ordtr that the ddfejfurfcAW: Mti ttAf 
flow out of it ; aiid, after this ihlierVal of titn^^ 
it is carried to market. 

Excrtfohs aad enquiries hav^ kte)g" fine* beien 
liiade tddifcovci- a' cheap riietfirbd of d^dih- 
pofing marine fait, to obtain the mineral aJka- 
li at a low price, which itf of fiich' ixttoffive 
life in the manufkdlures of foapi glietfs, bleacR- 
ittg, &c. The proccffcs hitherto difcoveretf 
are the fbUbwing: 

1. The nitric acid difengagrfs the rtiui'iatid 
aKid, and forms the nitfate of foda;, which may 
Be ealiiy dedbmpofed by detonatiom 

2. P6t-afH' difplaces the fbda, eVch in the 
<foId, as f fouAd by experiment. 

3. The fulphuric acid fdrrtis fulphafte offodli 
by decottipodng the marine fait ; the new IMt, 
wheh heated with charcoal, is deftroyed ; but * 
fulphure of foda, or li vei' of fiilphnr^. is formed/ 
^hich rs difficult to be entii*ely fe^ai^^d ; ah* 
this proCeft docs not appear tome t6 be ec<mi)^ 
inicaf • Tht fulphatc may likewifc bcf dJicdiH- 

pofcd 
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pbfed by the sptetitc of barytes, ahd the* fbdai 
ifttt-T^^rtfe abtained by caicinatiiiri of the^ceilitd 
of foda. 

4* Mstrgraff tricfd in tairi ttfaccofriplifh this 
ptifpofef, by m'daiTs of lifne,^ ferp^iitihe, iron, 
cfaty, &c. He adds^ th« if commbn fait be 
tfffoVirri u^otr leacf hdSted to r^dnefs, the fait is 
dedOmpoTirf, arttf rffiifiafi of lead is formed. 

5. Scheele hasf pointed out the oxides of lead 
forthd d^ctfiftpdfition 6f comttion fait, tf com- 
moW filt be Aiixed with^ tithafge, and made in- 
to a parte, thelifhsefge gradually Ibfes its Colour, 
and becomes converted into a whjte matter^ 
from which the foda may be extradled by wa(h- 
ing. It is by procelfes of this kind that Tur- 
ner extrads it in Ejigland; but this decompo- 
fition never appeared to me to be complete, 
H nlefs thfe litharge was en/^ployed irt a pro^r^ 
tkm qu^di^ple to that of the felt. I have ob^^ 
ferved th£t sllmcrft all the bodies are capabkf of 
al^kaiizihg^ liiarinie ialt, but that the abfoUite 
d^cdndpofition i§ very difficult. 

6^ Baryte^ decomposes it likewife,.acx:Ofding- 
M the QXpcain^iits of Bergniahn*^ 

"]. The vegetable aCkk, combined with Idatf/ 
Ri^Iik^Wifo b6 ufed to deconhp6fe c<>ratfldti 
lklt> When thefe falts at^ rnixed, a decdm--* 
pofition takes pUce : the muriate of lead fall# 

down ; 
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down ; and the vegetable acid, united to the 
foda^ remains in folution* The vegetable acid 
may be diflipated by evaporation and calcina* 
tion; and the alkali remains difengaged. 

Marine fait is more efpecially employed at 
our tables, and in culinary purpofes. It re« 
moves and corredls the infipidy of our food, 
and at the fame time facilitates digeftion. It h 
ufed in a large proportion to prefervc flefli 
from putrefadion ; but in a fmall dofe it haflens 
that procefs, according to the experiments of 
Pringle, Macbride, Gardane, &c. 
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Of all the combinations of ammoniac this is 
the moll: interefting,and the moft generally ufed. 
It is known by the name of Sal Ammoniac. 

This fait may be diredlly formed by decom- 
pofing the muriate of lime by the means of 
ammoniac, as Mr. Baume has praftifed at Paris. 
But almoft all the fal ammoniac which circu- 
lates in commerce is brought to us from Egypt, 
where it is extraded by diftillation from foot, 
by the combuftion of the excrements of fuch 
animals .as feed on faline plants. 

The " 



; . Tkd:dej(aUs ^ the pfQCiftrutkich Is jirfed hsc^t 
not been very.ldng kn*wfll. ^ Onitof: tha fixft 
W]?>terA who gave ^dk&riiptionof thisi operation 
is faither^ Sicaifd. He * infbnued us^ in 1716, 
t|[^t:diftiUling.vefreklwisrra charged with the food 
f>f the ex€iieijient'«.;of oateHi tdf which fca fate 
a^di qameb uiine: weii^ ddded. 
: Mis. Lematre, cop&L at Ciircr/ in a letter 
vrmtfct &o the Academy of ScieiSt^s in I'^t^d^ 
affimis t!bat2 neii^r ^ xjiane iiKKr fla . ikb vA 
stddbd. . • 

Mr. HalTdquift has committicuted^ to t|^ 
Academy pf Stx>ckho)m a confiderably axtt^ 
five defcripcioR of t^ f»'Ocefs ; by whidh W-e 
lcar4v that! the dnng of all animaU which feed 
on £ilihe |>iams is indifcriminately ufed^and thiac 
the foot is^^^ diftilled^ ta obtain &1 ammonike. 

Thedin^ isldried by applying it argaiiifril: the' 
walk ;!andit;is burned inllead of wood^ in lUch 
countciea as do not poliefs that fuel. Thefub^ 
Umation is performed in large round bottles of 
oriefdot adnda half diameter^ terminating in a 
TiQtk. of: two iliches in height > and they ^m 
filled to within four inches of the neck. The 
fire is kcj>t uji during three times twenty-four 
houtls^ the fait is fublimed to the upj^er p^rt 
of tbefe veffcls, where it forms a mafe of the 
fame figure asl tha vcficls therafelves. Twenty 
. Vol. I. S pounds 



^ 5 S ExtraSion of Sal Amrnaniae. 

pounds of foot aflford fix pounds of iai ammO'. 
iiiat>. according to Rudenflcield^ 
:. I was always of opinion that fal ammoniac 
might be extradcd by treating the dung of tht 
mimerous animals which feed on faline planti 
m the plains of La Camargue and La Crau^ iii 
the fame manner; and after having procured^ 
with the greatcR difficulty^ two pounds of the 
fgoc>:I ^x|ra&fid from it four ounces of fal am«^ 
mofiiac. * Irmuft obferve^ to fave much trouble 
to thofe who may wifli to follow this branch of 
commerce; that the dung produced during the 
flimmer^ the fpring/or theautunm^ does not 
aiford this falt^ I did not know to what cir. 
duniftance to :attribute the verfatility of my 
cefults, until I found that thefe animals do not 
catjfejine vegetables^ excepting at the time when 
frefli; plants cannot be had ; and that they are 
reduced to the ueceflity of having recourfe to 
faline plants only during the three winter 
iTionth:5. This obfervation appairs to me to 
be a, proof, that iparine fait is decompofed in 
the firft p^flages ; and that the foda is modifi. 
ed to tbti ftate of ammoniaG. 

Sal ammoniac is continually fublimed through 

the apertures of volcanic mountains. Mr. Fer- 

her found it;; and Mr. Sage admitted its exift- 

cnceamong volcanic produdls. It is found in 

♦ - : the 



Swab, SchefFer, &c, •*• '^^-^^ 

lolttys'^ltti^p^tk^d^^ the^huWart bbdy/ih4 

Model has proveidi AiiSfo(a»rtf'hW-oWh'^erfon 
fi^:^titfe$:tifti€ Of ^vibt^tif tf'Wbt Ji*Rteh^tei+ni- 

ttit^dJ tt'hifallgiiiiA«'^f«A^ry *i^ <^a{he*^1fis^ hihdfe 
in a folutionof pot.aA);*ftct ebft'iiiF^dlhki^pfdi 

drangular pyramids. It is often obtained in 
rhombic cryftals by TuBIThiation. Ihe concave 
face of the loaves of fal ammoniac in commerce 
is fometimes coVtred wilh'thele cryftals. 

This feJthasapenet^ting^ acid,^44 
It poflefles a degree of dudlility which renders 
itfleiS?b1»j^a?rd^^w^ tir yiddtd a^blbw.of 
thf*:hfeWfiTi^.-^ei&be^ ricrt changt^* in the afr ; 
which circumftance renders it probable that 
our^ftpflfna^idhiac^^- different frbrii thattneh- 
'fk)HilJ>ti5^ifiIJfiy feft^^AgricoIa; ai that attracfted 
humidity. Three parts and a halR>f water dif- 
ft4V44'orte^rtic>f Al^^ifttnoiriac, At'^xty d-egrces 
of Fahrenheit's thermometer i'k corili'derable 
<Segtiefc:^f ciold ife -jittodUded by its' ftffutioh. 
: 'Oa» ttwit(f^ piutsW'fal ammoiitad'(:6ntaia 

S 2 fifty- 
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,a6o Ni/ro-mtri^idii^cid, 

fifty ^ty\rQ V9ustp $K;idj forty^mW^^ afn^ ci|^t 
water. .-/ > r -.i ■■ '--•''■ 
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. This Jak ;is iiot ai qH ^dccoMppTed by ;cJiiy ; 
nor by magnefia excq)t withjdUScuJty, a{bd;;ili 
part onl/; but itris cojmpktely decompdfed 
by lime ^ fixed s^kAliSi The fulphtiric 4nd 
nitric acida ^iTengage^^; .^i:id» v 

This fait; \$ ufed in dyeiag, tP hntig Out cer^ 
tain colours. It is mi;Ked :wjbt1^iaqu» fortls^, to 

increafe its fol vent. pow^erw:. v,v : . 

It is ufed in folderinig ; in Mrhijch 9per^X;Uin i% 

fyoiTf^iTes the doable a^antagcpf clearing the 
metallic furfjEkce^aqd pfevcnfitig k^oxidatic^n* 
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Concerning the Nitro^imiridtic Aitd: 

THE acid which we call Nitro-<m»iaticA 
is. a combination of the nit»c^and tnil-f 

riatic acids, :.....,. 

Our predecefTor^ diftinguifhed it by the name 
of Aqua Regia^ oipt acfouflt^itft(froperty,df 
diflblving gold. ,, ; , , ,. ; f . . - ^ , ^ 

There are fe veral j^nowj^i prqcdSTcf £ormakil>g 
this mixed, acid* .,...., ..^;^ ; .... . ^ 

If two ounces ^f <;§i)[jm<m ra|j:rJbe:diftiUed 

with four of i^tric; qgi<iot|>«AciJl.«I»*cIl C«pes 

. . . T - 5i over 



-,;j7^^nkfai{foftf;||oH*fl^.mfty :bc ^ccompofed 
Wc<?l(^Wwgifwftp?if^pCi%iri«ie acid from one 
of this fait : good aqiia regia i^ithjcprodud: of 
tlH&.^pP?*tiW:Jv:'**d liie rcfidiie is' a muriate 

. oJiiofi;h||^W^««t>ttot Jwc^bbtaihcd a good 
affliff^/jBgjia, |)y4iftj^ling inrix^UDc of two partf 
of, Rififfi, thrj56 J?^ ^Ipbatc of ircor or rnartiat 
Yiffio^^'.^nd fiytf)fiCionMtaopfalt- ::^ 
f, TbP JijTipIe ^iltlUftdon of nitre of the firft 
bpUwg^lfpi^fi^quA feg& ; wlkich is etnpJo]^ 
^yj^^d^^efs lA the {blutioo Mm; Ibr^hecom^ii 
l^ffi&jifitt'Pf fkc &»rtet dye. Tiiis ^ua fortis fa 
* tPlMfii^u;iiti(5[g^r;.rindcit iJ.hy virtue of tfctt 
f^if^^r^iof iiC}d$ thst it diSS/Aiit% pinx for if it 
§g|iii|(^e4 ^s%\u^ i^itfidacid in a ftat^ of tod grenc 
pMflifi Ajty WPUld cxii'iode and oxide the mettfl 
fyjltltipiit difSotv^iog H* The dyers then fay th^ 
^M^d^ foftjiiS precipitates the tin ; and they 
CQfiroi^ t)it f9^id by diflblving fal amnuHiiac or 

„ .FoMir opwes . i)f i fai ammcHiiac : in powder, 
(l^^oivcd gf%^iikfs Md lA the .cold, in on^^ 
pound pf ni(rA^ acid> form s^n excellent aqua' 
r^^ A^jOX^BMfod muriatic ^cid gas is did 

engaged 



engaged ilbi'«->loftg HiHk pv^kS^it- iS Wi^rti^i 
dent to attempt to coerce, and whicW^9ffgW#W 
be fuftb-edWJfcftapJ'fci^^lcdft^?ficfi<!%ffc«dit^ 
f. . Aqua:regi*cJisv 1ikd***«^fi)rlfle»-l^ 
together iw/)=pttti5'i0*»pdre Witrick«a'^ 
•0f'mun:ttiF'^bidli-i;r^» k";^^ bco- : :i.'l ArU 'U 

atic acid; ?odiic» ifiriaiferi!g8g€^''m* ^cr^' pi^ 
jwhigh caafee'cWopded ti(iif(»m%t-ttdft at^>^ 
fcnt Tin cpieftion v and. thilpd^^wfy^ ^AldH^Iig 
jM)lfcffts;xqmilyt^ith:t!M^xSgeil^^^^ mftWfttk 
acid, of diffoUii%f^klvrimi^fc lefdt iert^\rO&i6L 
ftiiJts to inferjthat,!in ttie'tnificiirelbf thefd fwo 
|^|j.$',.the;miiriatic acid feiTad) (i^fe^ 

m^thtic aci^ ? i (bL thatvftid-jiilftfc ^id ' WiM ' h^jm 
Meffed asanfwering rio'ochertj^tiSj^'bfe^tJfeft'+tiat 
^f Qxijgcnfltihg thb^vbriutkr' ^Bbt^^li^iyftft^^ is 
inconfiftent j^atidr.thoughithe 'Vii-t«€& 6¥**fie 
tejijiatic.acid.are tnodified'bj^'thls'fttfxtiirti 'alrid 
itrU oxided'bjTithb diedbm{io:^bfpe^ a pbi^ibh 
offhc .nixri^f acid{i:«overiti^^fef^ ^ife^'t^o *ci^" 
flillexift in^tteagjaaV^ia'j iaftdr^*n^'donvmc'-i 
ed that the bcft made aqua regia^yfaiuk'atcd'^ithf 
pat-a(Ji, jwilbaffiiwrdthte bid'lfmry lnHuriate;"ihe 
©xigv^aa^cdijiariatcvahdthe jikratK It apj[i^ar^ 
5o me/tJiRt:;theipoj»^etfuli«ai(>ft;ttP a^lia' rdgia 
depends limply on. the utidn DJtjpbS^ tJivo aciids r 
; : . one 



• Aetd of -Borax. «^3 

one of Which fecfxwetfinglrii^ll?^ 

oxide the metilsf;-^ arid iihe othtlr-diflblv^is^thc 

oxid^^s or citlces wiffi^¥ttc greirteft avidityV • '^ 

« # 
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. . Confer nf nf^ tb^ .^cid (f Borax. ^- .^ 

TH E acid of boraxjiifiorc gettcrill|)r khb wn 
!)y the name of-Hdinbcrg's Sedative Salt; 
is almoft always afforttetf % the detrotnptifitibH 
of the borate of foda^ or bcirast'. -But it has 
been found perfcAly forfiS€d^in*cerfiaiii places ; 
and we have reafon to hope that w€f (hall fpeed- 
ily acquire moreaccurate infbrm^^idn refpeft- 
ing its nature. ' ■ 

Mr. Hocfer, direcftor of the Pharmacies of 
Tufcany^ was.tfaeiiirft who detoAed itbis acid 
fait in the waters of jthq lake Chexchiajoi: near 
Monte-;.rotondo>:ih the inJerior provincqof Su 
enna : thefe waters are very hoe^.and they affdrd- 
ed him three ounces ;of the pu!re acid jiudhe 
hundred and twenty pounds of the 'tW4tef . jiThtar 
fame chemift haviag eYaf>Qrated twdMe jthou^ 
land two hundred iand eighty grains of the water 

of the lake of CaftdjaudyOiObtainedPA^ hundred 

and 



l\{%t.\f.. might i^S ipuB^ ftft j:he, v^W 9? if«Y«^ 
other .Jfll;p?j; fft<jl|.f» f^^M JUff«. iM«»Rf^ 
cerbcloni, &c, 

Mr, Sage has depofited in the hands of the 
Royal Academyo f Sci en c e s feme ac id of borax, 
brought from the mines of Tufcany by Mr, 
fieffon, who coUoi^edit'tiimCsXf. 

Mr. Weftrumb found fedative fait in the 
ftone called Ctibic Quarfi of Ltiiiebtirg. He 

. This itone'y accopding-totlie cd>forvaltiatttji of 
Lafiiu&y ihas'ifae form of l&niil I Cubical cryilali, 
fametimes tKrnfparient,^ ii|:^ orhier ^>ecxmcns 
nailky, and. ftffppds^rfcs with i*ie'ftecL - T 
- The 2|oid of biwrix ig /generally foimd oom- 
bincd ^ithffoda;; it is fi^owthis xHwobinktion" 
that it is difengagedy ^rtd; ob'Caitted cither: iby 
foblifln»tibn or cry Jfa4(MEat;t0tt* : 

Wheft it:^ is pirop^fcxj ^b obtain it by flibii- 
]4Mti<Ml/*thttee jp<Hmd&vo|bciidc^ :fAiifb3te:of 

iron^ 
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(i^ Vicd in ^hn9ftp9im4^ of wat^» The fol(4Uoi» 

after which fh? fuWtfiwtian is pf jfof med in*, 
cucurbit of glafs with its head. The acicj of t^^ 
rj^ attaches itf?lf to rfie internal f^ffec^ of the 
head, from wkkb ir eaay be fwept by a fie^thj$r< 
Romberg x>bj4i^d it by de^ompofing -of- 
borax with 4ve fylphtif i<: acjkl* This proci?& 
ftjcceed^ with w? )vqnd«FfaW}r wwell. For ^is 
pwrpoft l^^kt pfc-of fi gja(i p»i:wbit Avith W^ 
head^ which I place on a fand bat)^., . I l\yvj^ 
ppurupon jt^e ti^«jix> iji^lf 4ts wiBigJ)tc>f fiil- 
phuiic acidi aod prpceed to A^Wi^wf ipft- Xi*i 

fublimed acid i^ 4^ *!« i^e^.^iMiirtif^iI ?lfc'feil«,f: 

StftW, Jiiid hwm^ the yi»i«igpr*;»M^M«li 
tjrt.fgjne %pid by making pft of the nit<i<q^i»^: 

ijnitt«ic fluids* . : , :.. 

,T<> «lttt!aft d>^ apid of b©f4ilP &y cryft^UiSlu: 

aji taccefs of futplwjru: ^d is .poured in^: A 
fait is depofited during ti3*e cooling on the fidft- 
of thcvftffti, in tteform of tlhin rpuodpJat^s^ 
applied owe upon ithe pther, Thia faU^ wjfce» 
dry, i^ vary ^wfake, v^ry light* and ^of ftflWery 
appe?<wicc.. : Iti3the«cjd'Qf borM^ ; 
Wc aire indebted .wGeotffrQy fQtshi^.pvfX^k* > 

Baron 



266 Acid of Borax. 

Baron has added two fads : the firft, that the 

• ... 

Vegetable acids are equally capable of decom*- 

• 

]poling borax ; = and the fecond, that borsnc may 
be regenerated by combining the acid of borax 
-with foda. 

I'hisacid may bie purified by folution, filtnu- 
tion, and evaporation ; but it muft be bbferved, 
that' a confidcrable part is volatilizfed with* the 
i^ter which flies off in the evaporation. ' • 
'-»Theacie]f of borax hasafaline cool taftei' Tt 
clours the tinSare of tumlble, f;frrupof tiov 
lets, '&c. red'.' •"••-' .o,--. . >.. ■ .v ^v> .» 
' 'One pound of ^boiling water diflblved noi 
Atere than one hundred ^nd eighty-threegiQlrtSil 
aC<!Ording to Mf.^De*Mor\^u» ^^ -^ ;i;.fi; /■ 

Alcohol diflblvcs it more eafily; and- the- 
fiame which this folution affords is ofa ^beauti- 
ful' green* This acid> when pxpofed to i the 
fire, is reduced to a vitriform andtranfpafisnt 
fubftance, inftead of rifing • which provcs^'as 
Rouelle has obfcrved, that it is/only fufclimed* 
by favour of the Water, with which it forms a 
very volatile compound. i::; 

, As moft of the known acids decompofc this^ 
acid, and exhibit it in the fame form, it has 
b^en thought a juftifiable conclulion that it ex- 
ifts ready formed in the borax. Mr. Baume has 
cv^en affirmed that he compofed this acid by 
- ' leaving 
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leaving a mixture of grey clay, greafe, and 
cows dung expofed to the air in a cellar. But 
Mr. Wieglcftt; aftfei* an:' linfliccefsful labour of 
three years and aJj^I^ Jthinks himfelf autho- 
rifed to give a formal negative to the French 
«hi?hu(^. ' t''J:ir;a crniol n:...;:, ^r r, ,,. V 

Mr. Cadet has endeavoured to prov e i - 
<xii That- tbei add) df baratXcalwayj^ifetainsca por^ 
tion of the acid em^Aorycd: in- ithci operation^ 
a>^iDa66h!i8^^fame>alcidchas/ fl^illltbt iBifi al- 
kali for .it$.ifeafifc.4^Mx>Ete) MarKeafu:ha^, .with 
^^! v^ai £igaoit^sf :!di£cuflcd, jaU . the wpooofs 
lU»(2ght!fbrw!ar4^^i^*i^^ddf4 beinisr.&ewh 
l;h9titona:ofiirtnq<arb(G«n^^ dutthe 

^oid )Ofr'jfck)BUiih'ii£bqddd t^^ retauaaridtsipBace 
^imfQigithie .^htifaicaVcIidriiehtsio r^niiu -./Ij .; -j ./ 

A R T I CTL E I. r ,. , .,, . y 

^^•■Tfe'^cid'-df* Bdrii^cotftbirtt^'WitW Jib't-ilh 
ftfW^ *?sTaIt; -^-Irf^y'-be dbtairifed citWr by 
the dire<fi: combination of thefe two feparate 

.^dltipppf.pousfll.. , J.;.;:. - ,..,/ , 

; r.iXbifi £ih^. which is yot little known; afforded 
'Mrrflaurf!6fmall di^yftils. ^ ' 

•^' Tfhc adds dif^engagc it by felzing its alka- 
line bafc, 

ARTI. 
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■'•■• borate t^^oda.---^--":-'^^ 

. . .. I . -..,.* A-- . I . i -* ^». V« Ji \i~ '» 

This combination forms Borax, pro^cdjr fii 
called. • • ■: r \: •'.T'^h--: -..':;; :'j!j:.0 /i?.-! 

It is istrougltf to us::fir0m thc.IiKlicisr;jan(f its 
origin 16 <ftiU]unkiiowii>Vn:i b/ ;: :r:; lo rioii 
' Tfae akidd iEb^x triarf; Jbe crcmAdcedaiblBau 
maue'ji' Didfcbmiy of Nahirft}.BiAoi3^.*io\ ;1;;>1 
. It ^oesn^iappear that bi^rax ,^as \m^n^ 
thcukcioitsJ TliecBcjifiAroUa^ of'wiii^tti jiMi^ 
coridbek Ipcaicsi iiiurrqiiothmg'lBtttTan^flSlflrf)^ 
ibUqr iconipofied^cby ibhbgofadfitiitlifl€i]feitafet4f^ 
with the urine oir!fi}piii!&ia^ 
which were beaten together in a mortar of the 
fame metal. •^' ' ^ '' '^ '-' ^ ^^^ 

The word Borax Vfoifha^f^e firft time in 

bpq\..>vritfw TWfi tl«it,?^ffqFoncfnii?ft Ijqi^^ 

* The origin o^f boray is very w^ell afpertained in.two.Pa- 

pe^i iii^lfe'feVenty.hirchlti'vdPura fhc hiWrojAliaa 

Tranfaiflions, Numbers xxviii, ani'iniixi ''It fi 3iig lip Sii 

a /Ci^rtolgBe^'lliito fjuoL Ih^ bqt{o»a xif^erttiFL £ik Idttetln a 

jBOuntainous, barren, volf^fijkf , if^i\% , fi^^m. • (<«#?t&ty,|j''c 

dy» jQurory^P %V% .«^ft5vMj<>(,J<^?^. J^^5aj^,0f Ojpl^ing. 
domofthiBet. t. '^ ci'-. • *^ '.", 

'"*'•■* IS 



bupjplic^fote ta tfhe fubtt^nc^ vrbieh i$ at^prc^ 

. ! B0f9tik i$'fcnilid/i0f cQml&€«rc€! in three difFercrft 
9m^^ — The firft id^^rutc bqraX^ tinclll, or 
ciiry£QCoHa. It com^^ to u$ from Perfia, and 
is; enveloped artd foikd by a gf eafy covcf irtg. 
TbiCi piecea of brute borax hav$ alnnoft all of 
them the form of a fixf-iided prifrh^ flight)/. 
liiitteQedji luid ttrmiQated b/ a dihedral p}rra-f 
mid. The fradlurc of thefe eryftals \i brilliant^ 
yrith a ^e^nilh caft* This kind of bora^t is 
v^7 impure^. \t is pretended that bomx i» 
exxra^ted frona the lal^e of^^ecbal^ in the king^ 
doov of Grand Thibet^ This lake is filled; with 
wat^r during the winter^ which eo&hales iti thO: 
funfimer ^ and w^en the waters are low^ work^ 
men enterj, who detach the cryftaU from thC; 
xnuddy bottonij and put them into baikets. 

The Weft Indies contain borax* It i^ t<^ 
Mr. Anthony Carera, a phyiician efUvbUihciet 
at Potofi, that we are indebted for. this ^ifco-* 
yery» The mines of Riquintipa^ aiid thpfe ii^ 
t^ neighbourhood of Efcapa, a^ord this fs^lli 
i^ abundance. The natives ulb it in the f^fiOH^ 

The iecond kind of borax known in cOflH 
xncrce comes iroxnChinar It is purer than the 

pi^eced'^ 

.1 ... ' F - . « 



ftyo ^tbeBifi^ry and PufyitaHomy.'SiH^ 

preceding, and has ty'^'fordi- of frmall^platei 
cryftallized upon one of their iarfac{eSyOrts#hfeli 
the rudiments of prifms nvi/>^b€ '^ert^v^. 
This borax is mixed^ith i'^htt^* po^d*^ 
ifhich appears to be of aA4^gitfeceouVnitt3it<it;' 
Thcfe feveral kinds of bki^i h^vfe btetl p<iii- 
ficd at Venice for a long tin^^ afiid afterwards in 
Holland > but Meffrs. Laguilkr fe'fine it afpre'j 
fcnt in Paris : and :this pui'ified bhfPiiK forms^the 
third kind -which is met with in cdmttif^rce;' '^ 

' In order to purify borax/ nothing rhorc li 
tteceffary than to clear it of tWe uiWftiibus fub- 
ftance which foils it, and imfpedestts (blution* 
Crude borax added to a folutibii' of mineral 
tlkali, is mere completely diflbIv€ld/-amrnEiay 
be obtained of confiderable bleauty by a* firft 
Cryftallization • but it retains the-'alkali made 
ufeof: and borax^ purified in •tfhUmahrier^ 
pofleffes a gf'eater proportion triF arkali than in 
its crude ftate. 

• -Thie oily part of borax may be deflroyed by 
calcirtation. By this treatment* it become^ 
more foluble> arid may m fadl be purified in:^ 
this way. But the method- is attended with 'a: 
confiderable lofs, and is not fo advantagedttli'as' 
lYifight be imagined. V •■ ^ -i '• ' ' '' 

The moft firtiple method of purifying borax, 
confifts in boiling i; fl:rongly, and for a long 

time. 



Tbt Properties afSorax. .^71 

tiMeJ This folutron being fthrated, affords by 
<ey^pdration crjiftals: rather foul^ "AvhicH /may be 
l^urified by i fecondiopcratioii fimibr to the 
foregoing. ' I have tried all thefe prboeflesiin 
the large way ; and the latter appcar&d to nic 
to fbe the moft fimple^ 

Purified borax is white, tranfparent; andha^ 
afomewhatgreafy appearance in its fradure. - ■ 

It Ci*yftallizcs in hexahedral prifms, tentii- 
iiated by trihedral and fometimes hexahcdrat 
pyramids. <• ' *• / 

• It'has a ftyptic tafte. 

It converts fytup of violets to a green. * 
' When bor^xii^ expbfed to tfce firei it fwells 
upi the water of cryftallization is diffipated iii 
the form of vapour; and the fait then become* 
converted into a porousy light, white, and opake 
mafs, commonly called Calcined Borax. If^thef 
fire be more ftrongly urged, it aifumes a pafty 
appearance, and is at length fufed intaa tninf« 
parent glafs of agreenifti yellow colour, folu- 
btein^water; and which lofes its tranfparency 
by cxpofure to the air, in confequence of a white 
effldrefcence that forms upon its furface. 

-^This fait req^iires eighteen times its weight of 
watef> at the teipperature* of fixty degrees of 
Fahrenheit's thermometer, to diflblve it. Boil- 
ing'Tvarer diffolves; one-fixth of its weight. 

Barytes 
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Btrytes and magneiHi dec(>ilipi^ borafe. 
Lime-'Wtter precipica(£e9 the fblutioti .ftf thn 
falci and if quick-'lime be bailed with ISt>n^^ 
a fatt of fparing folubHUj i9f()r4nedi ¥^hich is 
ihc borate of lime. 

Borax is ufed as an excellent flux in dt^cindafw 
tic Oporation»4 It enters into the cofnipdfltiod of 
reducing fluxes, and h of the grent^il ufe Jn 
analyfes by the blow^pipe. It may be applied 
l¥ith ad van tags in glafa ntanti&dlories ; for 
when the fufion turns out bad, a fmall quaiw* 
tity of borax re-eftablifhes it« It is more ef- 
pecially ufed in foldering. It aififts the fufion 
erf" the folder, caufes it: to flow, and keeps the 
furface of the metaU in a foft or clean ftatej 
which facilitates th^ operation^ It is fcs^cely 
of any ufe in miodicine. Sedative fait alon^ i^ 
Viitii by fonie phyficiaits 5 and it* name fuffici- ^ 
eiitly indicates its atpplicationi. 
. Borax has the inconvefnienCd of fwellingup^ 
and requires the greateft attention On the part 
of the artift who nfes it in delicate works, mori^ 
efp^cially when delign3 are formed with gold 
of different colours, li hm becfn long a dtJfi^ 
dcratum to fubftifiutc fefwie coiii^fition in the 
loom of borax, wA>iah might poffisfs its advao^ 
tagcs without its dcfcds. ' . 

Mr. Georgi has piiblilhcd the folWwing.proH 
3 cefs : 



t$6^t-".N*trpn^ in^i^ed with marinie fait ancj 
j^wborfs/ftlK/ is 1^ be i^iflblvcd m JitiieT.wa,ter; 
and the cry.ftftj^ wWphifepanitp by the coojipr 
of the fluid may be fet apart* The lixivium 
of natron is then to be evaporated ; and thia 
fait afterwards diffoivedin milk. The evapo- 
ration affords fcarcely onercighth of the natron 
employf(J„ anfl the rp(i)dac . ipay be applied to 
the fame ufes as borax.*' 

Mei&s/ Stf^vc and E'xch«<pjet have proved 
tfcat the phofpiiate of pot-itih, fufed with a cer- 
tain quantitfibffiilphat^rtof Umc, forms an exi. 
«lftmi glafs' fet 'foidering metals. — Sec the 
•Jouitia^t de Phffique, i; xxfe.i p. 78, 79. 



* ^ • 
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. " Borate of Ammoniac, 

^' Yhi» fait Is #i'n little known * We are indebt-. 

ed t0 .^r. De Fourcroy for the following indi- 

-^^ f ippjis :— ^c dijHblved the acid of borax in 

fim^mmw^^ iin(i obtained by ,f vappration a be4 

^•^r iplate 'of icpyftats conneded together^ . whofii 

TuiTace exhibited' polyhedral pyramids* This 

JTilt has a penetrating and urindus tafte; it 

^^Hdcr? the fyrup pf violets green ; gradually 

lofes its ^ftalline &rm> Ti^ )^c^n>cs of % 

Vol. I. T ^rown 
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ferown colour, by* the contidl of air/' It ap* 
pears to be of cohfidcrable folubiUty Ut water. 
"Lime difehgageS tftfe Volatile alkali. ^ 
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JTTpHK naxnejof Mineral W^^ter i^ givm to 
. :X : iftiy . t^aier whatever wJiAch i? fufficicnjly 
Ipadcd rwitht f9rmgn: pcinqjplfts ; 50- :produpe; an 
ii&dt upoiii.jcbe^i human., b^dy/; ditfijren?: from 
that w^c|vis ^r.gt4uqejj by-t;b€-'<fatei5i^:jEorau 
monly ufcd for drink. 

Men, doubtlefs, were not long in attending 
to the differences t)fwatei*s." Oor anceftors ap- 
pear even to have been more ftcidlly attentive 
than ourfelves to procure wholefome drink. It 
.\yas almoft al^^ays the E^tftTjf fcff riae water which 

. * As mineral waters bear relation jo every part of chexniC' 
try, their analyies riiay be inditferently pla^M at th6 end of 
itiiy oT\e of the partis. ' Biit as the nti^ftilr 6P the (principles th^ 
tlitttalti fii^6fe^ao:ai:quaintance.'%\d&bfil;fe4>fodQ£ls pf t]^ 
lK>^^injs4^ins, it- 46 more natural, tg i]pf|^esthe. article i»f 
ibe mineral waters Cqf the conclufuoii pf ^ courfe of chpm^- 
tr^. ihaye thought proper to change this Qfder. for no other 
feafoh; than becalife^I fefeiaw tha^ tftc'thii-d'vofaAib' 6rffis 
%orlc N^ld"b6^ol" t Wferge 'a'*fee cVta ^tWi6nt' it,- - ■ -' - -'• 

«^oid r .I..d5tcr. 
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dctdrminfid thtixiprefetcnce in tfaeMfituation df 
t&^nsi^^L the r^-hbiccof: habitations; r ahd/confd-z 
qiitttfily tbc:uhiott:af:ci£i3^nsi. .The.fihelly the 
tkftd^aiid irKttC-jEll^CciftllyjtJicrcffedlsiof v^ 
upon the animal .te<w«uii])r;: hi vcibccTxihough't 
fijifficienB, '^<Jiirii>gc:a Jxmg tiinQritO-dctcrniine 
their nature. We may fee, m the wfitift^ of 
Hippoctate&> :haw ztnich obfer.vation andgenius 
are capable) of ptefbrming in fubjddte:<^}tlMd 
iJat'ttr^rrThiS'great.man, jof whpm it w0Bldflaf- 
£ef d} bttt ,ajY«y ; itaperfccStridet to conflderAiih 
Vm%'^ a3/the rEa^r x)foMedii:inei» . wa» fd n^ 
t5qgft«UecJ(iWlh:th«.^flye;ice of. .water/ qpon 
Jhf hMrftrt« bQ4ytt7)El^'hf;af5wK5,th»6 thcrmer^ 
qU&titK|iitfvflifiiP5^?).dri;i^ .ij: qapabi« pf qtjQ^ 
4ife^i»gIjaA4*rfl4«jcing; a, difference fcftween 

to attend more particularly, ta tjh^iigF^re of tl\c 
ffta^lif^sj^l^ir gaficnts ought to ufe. .Wc fee. that 
the Romans, who were ; fnequemJly;', uncj^r . thg 
ft«^qflikZi(^4f^J^ling in parfihecj cJipja^fis, fpared 
fyj^jCpoertions^tOj jrocure; whp^efpmc .winter to 
$^^ Cfi^niQSL. \ Ti'he famous aqued^cS: which 
figfiried the wat?r pf Uzes to Nifaves, rs.ai^ unj- 
^fluiypcalproof qf^thi^Tand we ftUl;Ro|re&.fe- 
/f^al miner^l/prii^gs at which they r^nicd co- 
lopi?^^ : fpr thj: a4>cantagc of xhe baths • ^ 
• Jt was not till near the feventeenth century 

T 2 that 
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that timiiK]^pHcatt(Hi of chemicaL methods to 
the cxafaiination 6f!ivaterft^wa& firft niade* We 
are ixldebted. to tbe^^re&m revolution of che^ ' 
miftry for the dcg(!ee of pejrfcftioii to which 
this siudyfis has been carried. 
. The ahalyfi^ of waterfe appears to me to bi 
nrceflary, in order--^ ^..: 

I. That we may not make ufe of any water 
ftf dtinfk but fueh 99 i& wholeffome* 

i av -That we hmy» become acquainted with 
thofe ^hiPt^h pof&fk medicinal viftues^ and api. 
ply/th^m to €he lifts^ to which they jure (iiitedi 
- 3; To Sp^p^priat^ to the iiifftwnt i^k^ >o» 
i^atfufeddiriesllifat kind <>f' water ^hi<fhi^ tltt 
fc^ft dile^keed for tfeleir xiefpefaiif^^in^ 
-i-4;- Ti edireftiJrtpure WaSersi \ii futh as ii« 
either i^pregnalted with any iioitio^ prilM^U 
Jrfe, ^l^^hftfged ^ith-Hny falt^ - -i: ' 

5 . Td imitate the known mineral wAtettf, i» 
ali plaicW' at»d at all timeafi ^- : ^ r: o > or; 

The ^iialyfis of mirietil* watersf is^onc of th* 
moft diffie^it Jj'rdbkms t)f cKerfiilhf .• '' In drdt!^ 
to makfc si jlerftcft ahaiyiis/it is necdBSry to'Bi 
aware-oFall^hedflHhAiVe^chdi^ersbf ^^ fuB^ 
ftances^^hich m^y be neid- ih foliitiott in ah/ 

r - ■ 

water."-- Thebperatbrmuff^cacquaintcd with 
the meansii^fepwatihg froi^ih dtnbft iBfeiift- 
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blc refidue the difTcr^nt fubjdances whicb .<;om- 
ppfe it. He muft be able to appreciate the ntr 
pwt and quantity of the produ<Ss wliich are 
<:^ried off by.ev^par^tion; and lijkewife to 
aiceruin whether certain compounds are qoc 
fcMrmed by the operations of his analyfis^ wjiile 
others may be decompofed* . 

The fubftances contained in. ^at^rs are hehi 
cither in fufpenfion or in folution. 

I. Thofe fubftances which are capable of 
being fufpended in waters are^ clay, filex in 
a ftate of divilion^ calcareous earth, magne- 
iia, &c. 

Thofe which are foluble are, pure air, the 
carbonic acid, pure or compound alkalis, lime, 
magneiia, the fulphates^ the muriates^ the ex« 
tradive matter of plants, hepatic gas, &c. The 
mod ancient, the moft general, and the moft 
iimple divifion of mineral waters^ is that which 
diftingui(hes them into cold waters and hot or 
thermal waters, accordingly as their temperature 
is the fame, or exceeds that of common water* 

Adivifion founded on the feveral qualities of 
thefe waters, will arrange them in four clafTes. 

L Acidulous or Gafeous Waters .-^Thcfe are 
known by their penetrating ufte ; the facility 
with which they boil ; the difengagement of 

bubbles 
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bubbles by (imple agitationv or evert l>y mere 
ftjHidtng? the property of reddening the tindlure 
'ofturnfdie; thfr pi-ecipitatinglime- waiter, &c. 
- They are either cold of hbt. TW ftrft are 
thofe bf Seltz, of Ch^teldoii, of Vafh; df P&^3K 
&€• The ^ond are thbfe of VicMi, of ^Moht^ 
d'or, of Chatelguyon, &c. - 

-II. Salitie watfers, properly fo called.— Thefe 
arc charadlerifed by their faline taftc/whic*h h 
ttiodified according to the nature of the falts 
4hey contain. The felts moft generally found 
in waters are^-the muriate of magnefiaV the ful- 
phates of foda, of lime, &c. Our waters of 
Balaruc, of Yeufet, &c. are of this nature. 
- III.- Sulphureous Waters. -^Thefe waters 
have long been confidered as holding fulphur 
in folution. .Meflrs. Venelarid Monnet oppo- 
sed this aflertion, Bergrnanti has proved that 
moft of thefe waters are merely impregnated 
with hepatic gas. It appears, howev'er, that 
• there are fome which hold true liver of ful- 
phur in folution, fuch as thofe of Bareges and 
of Cotterct ; whereas the waters of Aix la Cha- 
pelle, Montmorency, &c. are of the nature of 
thofe mentioned by Bergmarin. Wcriiay, With 
Mr. De Four<:roy,;caIl the firil'by* the name of 
Hepatic Waters, and the latter by the name of 

Hepatized Waters, 

Thifi 
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This. daft Is known i-'by. tfte fmell of rotten 
eggs which they emit, r • 

\ \y. Maitial Waters. -^Thefe jhs^ve-ithe^ pf6u 
perty of exhibiting a blue colour, by^ the foltti 
tion of.pruffiatctif/lkne : .they haye^ heiicitfs a 
very evidentialbringent tf (le« The iron is hdd 
in folution cither by thd. carbonic or the fuln 
phurio acid# • In thefirft cafdi;hc acid ia^ either 
in exceftj and the water has a.penetrating fu^^ 
acid tafte, as the waters 6f BuiTang^ Spa^ Py r*» 
roont^ Pougue, &c. : or the acid is not in exceft^ 
and confequently the watersT ar.e not acidulous* 
fuch are the waters of Forges, Conde^ Aumale^ 
&c. Sometimes the iron is combined with .the 
fulphuric acid, and the water holds in folution 
a true fulphate of iron. Mr«Opoix admitf 
this fait in the waters of Provins ; and thof<?.of 
Rougne near Alais are almoll .fatiu>ated . with 
it. Mineral, waters, of r this quality are fre^^ 
quently found, in the. vicinity of ftratavof py- 
rites. There are ieveral near Amalou, and in 
the diocefe of U^ejs. 

There arc fomc waters which may "be placed 
indifcrimin^tcly in feveral of the claflcs. Thus, 
for example, there are falinc waters which ipay 
be confounded with gafeous waters, becaufc 
air is conftantly defcogaged from them. The 
waters of Balaruc arc of this- kind... 

We ilo not comprehend am*ng mineral 

waters 
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craters thofe which fuiTcr gas ih efc«pe through 
them^ without communicating amy chaia^er- 
klic property ; fiich a» i^e buMiag fprinjg of 
Dau|>hitiy^ &c; rij^i .: . 

. . When thenatur^ of any mtxtt is afbertaincd, 
its HfuUyfia may bre ptooookd jujkui by the 
union 'of chemical: and phyfioai meam. I tall 
thofe methods phyiical^ whiich!are ufcd to af* 
eertaii> certain properties of water without de* 
eompoiing th6n^. Thefe methods arr^ for the 
inbft part^ fuch ^ may be carried into tffed at 
the rpring itfelf.* Thi^ appeiarance^ the fmell, 
artd the tafte afford indications by no means t6 
be negle&ed* 

The limpidity of any vriiter indicates its pu« 
fhy^ or at leaft the acGura;ce folution of thefo^. 
I«ign priiKiples it may contain; animperfedk 
tranfpap^ncy denotes that foreign fubftances 
arefufpendei^. Good water has no fmell : the 
fmcU of rotten eggs denotes liver of fulphur, 
or hepatic gas ;. a fubtle^^md pevietrating fmell 
is proper to acidulous waters ) and a fetid fmcil 
tharaderizesftagnant waters. 

The bittcrnefs of waters in general depends 
p»^neutral falts. Lime, and the fulphates, 
give tWem ariauftere taftc. 

It is likewife of importance.to aftertain the 
fpecific gravity of the water, which may be 
done either by means of jhe areomctei', or by 

the 



the comparifon of ic^ weight with that of an 
equal volume of diftilled water. 

The degree of heat muft iikewife be taktfn 
by means of a good mercurial thermometer* 
Thermometers made with fpirits of wine ought 
to be rejeAed ; becaufe the dilatation^ after the 
thirty-fecpnd degree of Reaumur, is extreme, 
and no longer correfpotlds with the tempera- 
ture of the water. It is intereftingto calculate 
the time which the water requires to beconUs 
coolj in comparifon with diftilled water raifed 
to the fame degree of temperature. Notice 
muft Iikewife be uken whether any fubftance 
exhales; or is precipitated by the cooling. 

The ohferver ought Iikewife to enquire whe- 
ther niins» dry feafons^ or other variations of the 
atniofpbere, have any influence on the tempera- 
ture or quantity of water of the fpring* If thefe 
caufesa£k upon the fpring, its virtue cannot but 
vary exceedingly. < This is the caufe why cer- 
tain mineral waters are more highly charged with 
their principles in one year than in another; and 
hence alfo it arifes that certain waters produce 
wonderful effects in Ibme years, though in other 
feafons their eflffeds are trifling. The celebrat- 
ed DeHaen, who analyfed for fevefal (Ucceflive 
years all the waters in the neighbouiiiood of 
Vienna^ never found them to contain the fame 

principles 
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principles in the Jamc proportion. • It. would 
therefore be an interefting circuraftaricc, if, at 
thq tinae of taking up or bottling of thefctfa- 
tws, a (kilful phyfician were to analyfc ihtm^ 
and publifli the refult. > 

Aftp: thefe preliminary examinations have 
been made at the fpring, further experiments 
ixiu(l be made according to the methods of che- 
miftry. Thefe experiments ought to be per- 
formed at the Jpring itfelf: but if this caniwtbe 
done^ new bottles may be filled with the waiter ; 
*nd, after, doling, them very accurately; thejr 
may be. carried to the laboratory of the chemift^ 
who. mUft proceed tOLexaminc ithcnx^b^ rc.^ 
agents^ and by the method of analyfis* > ... x 

I* The fubftances contained in Avater arctic-^ 
compofed by means of re-agents ifand tbenew 
combirfations or precipitafics^ which are formed; 
immediately point out the nature. of ' the prin- 
ciples contained in the waters. /' Thc.moft effi-< 
cacious and the only jieceflary re-agents. are the 
following : ! 

!• Tinfture of turnfole . becomes red by its 
mixture with acidulous .waters. < • . > .:. 

£-. Prudiate of lime, and that of ferruginbua 
pot-afli not faturated, precipitate the iron con- 
tained in a mineral water of a blue colour, 

J,. The yi?ry concentrated fulphuricacid dc- 

3 compofes 
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Compofes tnoft'RCutral falls ^ and forms with 
their bafes falts very- well known,, and eafily 
diftinguilhcd. 

4. The cixalic add, or acid of fugar, difcn- 
gages lime from all its combinations, and forms 
with it an infol'uble felt. 

• The oxalate of ammoniac produces a more 
fpeedy efffed: ; for, by adding a few cryftals of 
this fait to. water charged with any calcareous 
fait, an infoluble precipitate is inftantly formed, 

5. Ammoniac or volatile alkali affords a 
beautiful blue colour with thefolutions of cop^ 
per. When this alkali is very pure, it does not 
precipitate the calcareous fait, but decompofes 
the magncfian only. In order to have it in a 
highly cauftic ftate, a fyphon nriay be plunged 
in the mineral water, and ammoniacal gas or 
alkaline air pafled through it. The water ought 
to be kept from the contact: of the atmofpherc, 
-which otherwife might occafion a precipitation 
by virtue of its carbonic acid. 

6. Lime water precipitates magnefia ; and 
it likewife precipitates the iron from a folutioii 
of fulphate of iron. 

7. The muriate of barytes detedls the fmall- 
eft particle of fulphuric falts, by the regene- 
ration of ponderous fpar, which is infoluble, 
and falls down* ^ 

8. AlcO' 
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8. Alcohol is ^ good xt-^ttix^ on j^count 

of its affinity with water. ■. ,[ I . : 

The nitrates of filver and.of .mcixiury inay 
likewife be employed to decompoic fulphnric 
or muriatic falt$« ' i 

II. Thefe re-agents, indeed, point oUt the 
nature of the fubflances contained in any water; 
but they do not exhibit their accuratjcpropor* 
tions. For this purpofe we are obliged to have 
recourfe to other means. 

There are two things to be confidercd in the 
analyfis of any water — i. The volatile princi^P 
pies. 2. The fixed principles. 

I. The volatile principles are carboni9 acid 
gas and hepatic gas. The proportion of car-. 
bonic acid may be afcertained by various pro- 
ccffes. The firft, which has been ufed by Mr. 
Venel, confifts in half filling a bottle with the 
gafeous water intended to be anaiyfed. A 
bladder is then to be tied upon the neck of the 
bottle, and the water agitated. The air which 
is difengs^ed inflates the bladder ; and by that 
indication an eftimate may be made of its quan, 
tity. This procefs is not accurate; becaufe agi- 
tation is' not fufficient to difengage the whole 
of the carbonic acid. Neither is the evapora- 
tion of the water in the pneumato-chcmical 
apparatus much more gcad; becau£: the wa- 
ter 
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tier which rifes with the.^ir combines again with 
it, and the gafeous prpdud: confills only of a 
part of the gas contained in the water. The 
precipitation by lime-water appears to me to 
be the moft accurate procefs. Lime-water . is 
poured into a: determinflte qii^ntity of the wa- 
ter, linfcil it ceafeis to caufe any precipitate* 
This precipitate being very aqc irately weighecj^ 
if parts of the whole mull be dedu(3:ed fof the 
proportion in which water and earth enter in«- 
to.it; and the remainder is the acid cointaiined 
4n this carbonate of lime.. 

- Hepaticgas may be precipitated by the ?^!Uy 
krcttscentrated nitric acid> according to the^cxv- 
periments of Bergmann. ..; 

:' TheioxigeiutGd muristtic acid has been .^ro^ 
pofed by Scheele; and.Mr/De Fourgroy hj^ 
pointed out thefuiphureous acid, the oxides of 
leeld, ^nid^ 'Other re^agents, to precipitate th^r 
(filial quintity of* fuIpkUr held in folution ia 
li%)atic gfli.^ 

( 3. Bvaporation is commtoly ufed to itfcen* 
cai^i the nature of the fixed priniciples contai]ie4 
1]^ 4ny mineral water. Veflels of earth or porcC'* 
Ittin are the only kind fuitable to this purpo^.^ 

' The evaporation muft . be moderate ; for 
ft'roiig ebullition volatilizes fome fubihulpfis^ 
Mfld decompofes others. In proportion as th^ 

evaporation 
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evaporation proceeds, precipitates arekffordcd; 
which Mr. Boulduc propofes to take' out as 
they are formed. The celebrated Bergmanii 
advifcs evaporation to drynefs, and tosahalyfe 
the refiduein the following/mannet: n^ :-: -^ 
I. This refidue muft be put: into a fmali 
phial, and ftrongly agitated with aldohol ;.«£;. 
ter which the fluid muft be filtrated." . /» . .' 

m 

2» Upon the refidue pour eight times its 
weight of cold diftilled water; agitate this^ and 
filter the fluid, after ftanding feveraHiours.v : 
3. Lafl:Iy, the refidue mufl: be boiled ibr a 
quarter of an hour in five or fix .hundred parts 
cf diftilled water, which ftuid rimftbicfcparated 
by filtration. ... ,i-;i lo c:.:l .;::'] 

''^•'4. Thei^efidue, whichas^neitbcrfoluble in 
water nor inalcohol/rauft then:;be/mofiftehed> 
arid expofed for feveraldaystothfc fun : .,by this 
treatment, the iron which it jnay Contain, rufts.. 

-It muft then ^" be digefttd in diftillediiyirtegw:, 
which dilToIves lime and magnefia;.ajtd:this.foh 
Hitioh,' evaparaited ro dryncft, afFoids either an 

*caf thy "fait in^ filaments which are not deliquief- 

-€ent, pi- a deliqifcfcent fait ; whidhUft has rr>a^- 
nefia for its baft. ' . The ihfoJuble refidue gdn^ 

'tains iron and clay, whiclvare to be diflotved 
in the ^muriatic acid; ' The^iron is' fiift . tO: .bp 

- • * .. prec;iipi- 
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prtd]^tated by the prufliate * of lime; and if- 
IrrfvWiidR the lllay^by anrttheip alkali. ^ ^ 

' '^'iTfeTsttts which the alcohol has diflblved, are 
thd muriates of magncfia and of lime. They 
ari'difily known bydccompofing them by the 
fulphuric acid. 

With refpe<fl to the falts diflblved in the cold 
water, they muft be flowly cryftallized ; and 
their form, and other obvious qualities, will 
fhew what they are. 

The folution by boiling water contains no- 
thing but fulphate of lime. 

Whcn'tbc analyfis of any water has been well 
made, the fynthefis becomes eafy; and the 
c6mpofition or perfedl imitation of mineral 
waters is no longer a problem infoluble to che-i 
mills. What, in fadl, is a mineral water? It is 
rain water, which, filtering through the moun- 
tains, becomes impregnated with the various 
foluble principles it meets with. Why, there- 
fore, when once we know the nature of thefe 
principles, can it not be poflible to diflbl ve them 
in common water, and to do that which nature 
itfelf does ? Nature is inimitable only in its 
vital operations; we may imitate its efFedls 
perfeftly in all other procefles : we may even 
do better; for we can at pleafure vary the tem- 
perature and the proportions of the conftitu- 

ent 
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cnt parts. The machine of Noqth^ ||ap|pve4 
by Parker^ may be made iffe of t;<> q^n^pof^ 
aay gafeous mineral water^ /whether ^qi^lous 
or hepatic; and nothing is mor^ e^y-than G9 
imitare fucb waters as ccfQtiMn onlyiixed'pri^t. 
ciplcs. , _ : 
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